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Abstract of JP2003039673 

PROBLEM TO BE SOLVED: To provide an ink 
jet recording head which can discharge 'large 
drops' of a required size from the same nozzle 
while avoiding a head size increase and a cost 
increase, and can enhance the efficiency for 
discharging ink drops per unit area by realizing a 
'nozzle density increase'. SOLUTION: The Inkjet 
recording head is provided with nozzles 13, 
pressure chambers 14 which communicate with 
nozzles 13. a diaphragm 41 which forms a part of 
wall faces of the pressure chambers 14, and 
piezoelectric actuators 16 joined to the 
diaphragm 41 correspondingly to pressure 
chambers 14. A pressure wave is generated into 
the ink filled in the pressure chambers 14 when a 
vibration element comprising the diaphragm 41 
and the piezoelectric actuators 16 is deformed, 
whereby ink drops are discharged from nozzles 
13. An acoustic capacity of the vibration element 
is set to be not smaller than 2.0 x 10<-20> 
[m<5> /N] in the Inkjet recording head. 
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SfftaiiHg^^O^egSTb^ 2. OxlO-20inVN«±T'«>^ 

amm 2 ] MfB«sis^<?:>^ssa*^5. 5 x lo- > » 
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t^nWitT^. 16*^6 lctBtg<D>f>^'>*x^yh IBS 

-N-y Ko 

Umm 8 ] B5fBiE:^MSt/JES7' ^ x-^ cos 

lEfcCO-f y^v^x-y hlBiS^^y Ko 

0 9-0. 5 m m2 iCiS^^ n. B5IEffi®J«Z5:a'ffim7 
^^slX^-^COW^W^^. 5 — 2 0 /xm:S^t/l 5 — 4 
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ISK<D>r >^x »y KtBS^-y Ko 
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i7s;x'y KfEiS-N'y Ko 

CiS*il 1 1 ] H3fBBSiEHftfl5. SglETiJ&XtiBSIE/N 

■r^. im-^i 0^clBi^O-YV^i^•x^y MES^^y Ko 
/O ClfjRJai 2] fl3taE;^ScD*i^W> HatBH;^^^Otp 
a Wf BmST ^ n X- ^5? offillliSPO 4»iL^ ofltfi-f 
nfi^5> fl9fBEEm7d^^:iX-:$?0*i^Wpi:-r^ 
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fsrti?^^ 1 JSfrctES^O><:/<> v^x-y hlBS^^y Ko 
[fg^^i 3] tfttEffi:^^0*i^W. ttjfaBE;^^^* 
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KfBS^^y Ko 
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mo<2.5xlO-'*Tc2/cc [kg/m^] 
^?SSr^ci:^&!t#tai:-r^. it jj^^ i Jl;^ i 4 (t:)^^ 
{oin*^ 1 3StclB®0>r v^>?x'y hl2ii^'y Ko 
C»3R3S1 6] t9fByX;l/*^e>qtttiL/'c^>^rig*\ 
6 0 0dpi i.:^TcOfBS^^J^T-iBS«*±lcM5*-r^ 

tcfBK<0><vi^s^"x^y KsBS^-y Ko 
Cli*^ 1 7] tUfBEE:^mrttc%^r^H;^Sco©^ 
Jiffl7()n 5/x st:>CTtcl9:S^n^ci:«:1tm^'r^. IS 
40 *3Sl7!iMl 6<?5rtcO^Rin3bM3Sk:|BtEO-r>i't^x*y 
KIBiS-^^y Ko 

Um^l 8] BfftEEm7^^iLX-^;b\ fjIBEE;/! 
^^igtct9^-r^^iStciBB^n^cm<^>^^^y KgPt. tOIB 
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40 X'^^^m^<Dim^'i=i o^y^ -^x -y F les'v -y f 
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[0 0 0 6] CCT\ ilB-Oi^S^x-y MB^^ST- 

®IBii)K«*<OfST, 
[0 0 0 7] ±IB^{*tKD<0 r|BfiiM^iS£0«TJ 
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^nSf Vi'TSf** (t*Jl Op 1) Ol. 5~3fi<Dfii 
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CO 0 1 1 ] ±IBv;l/^yX-'H!C)IB^'^->' K^E3 5 
iJSK6 3 i:aSSLT430, C <0^^ii}35l^ 6 3 tClt^fDE 

6 8*li>:7cW»cgB?iJ-rs^-y K^itt-rSCfclcJ: 
0, -Yi^x^^fa (/X;l/St) «r3 0~l OOffle** 

[0 0 12] S/t. I'i/'xi'^J'a'&MlcJtAnT-tS'N-y 
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Ufc-Yvi'e^x'y hfBS'N-y K (tiT. ■=?hUi'7.«iB 
Jlj'N-y Kfciq^^') *V 0>J^{^!|tP^¥ 1 - 2 0 8 1 4 6# 
i>IBRt/»t^¥ 1 0-50 8 80 S^^fB^tclBK^m 



-4- 



(5) 



20 0 3-3 9 6 7 3 



a 



ti «iiijSlfS{±±)5aS8 7 3 i: ^t^m 7 8 i: , 
«Sl<Df ^Sf 7 9 »±5Jl«i)SK 7 8 O^'!? t-IS^^ ^ 

^(f ^JiSi?iiSS7 8<DiS*2 6*i;b. S5J«8^7 8 
CO 0 1 3] ±ISOJ:^k:, t h U ^XttiH^-l-N y Ft* 

^(Dmm^m<cinciii,o -rv^^s^x-y he 

©'N.y FT-yX;l'St^ti<ia^f-«i:*i:''^^»St±, 

^coo°i 4] -ys. ^^-^i^^-yhtmrnmr- r^mm 

05^<S^A^e. F -y FS*^ 4 0 ft miXT»c*5 tmm(0 
«l^*®)!)^;*:*iK<gTb. Mlt 3 0 M ml-^^Ttc^^ tii^ 

ttS3 0 /imWTO'h«*H-y h^mm.t^cttm^ 
L<, ^©/■ci6tCfi2~4 p 1 g«OS»/h«^0>±a3«r* 

CO 0 1 53 ^>^i?x<v FfBS-^'V FT^S'JvSltHi^ 
fc*<^SSi''^'**'^ ^iJAtfl^P^BS 5 5- 1 7 5 8 9 

^ -7.i3x^Btimmi^^ \^)hh.rmm^^ e i" > ^ 

-mgl3 7lc^s^o c<JD|giJ}W*> 
■ti:Sfc«)OliES<t:7'o-tX8 3h. i^U^T-E;^^^^ 
mL. ^'V^fScOttm^^f3/-ci6<0«MtrP-b;^8 

4«:SA.-e«}fiK^^'^^<''*° 

COOl 6] 03 8«, 03 7(DiStt»Jg*a'*D'-^=^ 
«^WKS^xL/-cKlT®0r*fe«'o 03 8 (a) iCTT^t^v 

03 7 K:7i<rmzmtzra-{z7. 8 3 jcjss ^-^^^ 
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fc«!S*^6, 0 3 7 IC^-rSIISSityo-fe^ 8 4 tCJSS 

\^r&timifE.m^mift-r^t. 03 s (c) lo-nfj: 

:51c p{-7>AX9 2(0'=f5"ia5tC«ffl''^?Se9 3A^JKfiSt^ 
n ktcia3 8 (d) C^n-Ti^K. }8itt9 3 0$fe«SgP 

A<i^sibT-f>^ig9 4A^ifefig^n5o ctofc^o-rv 
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CO 0 1 9] 

C«W*Wj*UJ:5i:'*'*^3 HjSIS^^X 

^-rafcii)CD r;»c?giiitHj Rtf ryx/i/ffi«etiiiDJ . M 

(§)BtJCg|S5-&«.ci:ti. tie3fe©^'V<>-:^x-yFfi5S-N 
CO 0 2 03 ^rz. t!e*Oi';^^'->*x-y Fie^'N-y Ftc 

40 c 0 0 2 1 ] H 3 9 « u-^- F <y ^^-nmr-m^ b 

0, (a) lilE^RJ^ (b) *^ 

«S3 9 (a) tc^v-rj:3*^-x*xsiflAntp>ns 

tcti, 03 9 (b) tcS^-rJ:^li:tlS«a^^®J*^MbT 



9 

[0 0 2 2] *^H^fi> ±setcig^. F-9--rx<7):^ 
■9--rXO r:^fiSj *ttta*-&. fl-:? ryX;l/«JKiiADj 

>^^s/*x'y hiEs-N^y h*^mmLrc^yi7i^3iy htm 

[0 0 2 3] ^fc. ^-yXM^^Pfr^-^^ 
iS5if SH i: iSMMtSStDWit^^feg r ^ -Y > ^ X V 

So 

CO 0 2 4] 

[0 0 2 5] m^l>£. SMT^^::i.:y^-^<omiLm^ 
0. 1 /xmilUfcig'&tC. ffit^ffll 0 p 1 (D^tmt 1 x 

1 o-'m^Sfi^oigftS^T^tfrsiiir^^r'^s^V 
wmm (2 X 1 o-'m2) ^^ife^stc^So ^oss^. * 

[0 0 2 6] :k^C. r/jNfSq±aiJ frcoi/>T#;^^o P^-::^ 
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nso mc. mm(o&W}m&t^M\^^m^}fCit. 032 

CO 02 8] :?f^:=:>x^:^mmy3^v^ih^n^^>^m 
9 4 commit. ?BfiR^ns?KS9 so^^irt^jr-a-r 

y xji^^^vm.mrj:wmmiiu^^i:^^^c t 

CO 0 2 9] 03 3{i:. ^-X;?JX©J8|]77ST*}f 

4^<D^>i7mi^mits yx/us-^-ry^ttfi^Htcfctt 
^-r^ff. yx;i/Sjb^2 0— 3 0 Mni-e. ^m-t^^^ 

i7tOttg;6^2 — 5 c p sTfeS— ffiWjQr-Y V^^^x^y h 
fSS^«y Kt?{i:> iSiiiSIS®tc5SL/'c2-4 p I <om^ 
®^ti:fchRjHl^-rs/-c46tcti. HWJ^^Tc^ 1 5 ^ s 
UT. MtcMS L< « 1 2 M s iXTtcKSr^'iMI*^* 

CO 0 3 0] LA^L> H*S8»TcOigE'>(i. JfeJCJS'^ 

tbj '^nmt^rcisb\c&tiM(r)'^-<X^i^^<WL^-t^ 
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izmwmn'^ 1 0 p K mmmti^ i o ^ s of ^i^i^x 

2 {go 2 0 /i sg*l^*oTL/*-5o 
CO 0 3 1] ^-CT'. *^B^«e.«. tJ!3l5«'N«y H«jfi 

icBil to ;50»<o^<7 p< - ^ ^mm^mcms^^i^^r 

[0 0 3 2] ±fBS6*l%)SfiR-r«^*i>t=' 2|=«W»C0^« 

fCcfcO. ttlE/X;U*^P.'i'V^'»*^'4tB-r«-C>'^i'*x 

2. 0 X 1 0- 2 0 ms /NJU±T- fe * i: a ° 

CO 0 3 31 lS«lilJRO«S^S (co) tt, ffiiftSiR 

^fiiti. 6 0 0dpi j.xT(0{gft?{t*feiaic*:>s% 1 5 

[0 0 3 4] mtS> zm.T^^^:^-'^^!^'^ l"^ 

gWSficoS2.0x10-" [nts/N] 

cO^ffTTHi, 1 5 p lliLhO r;k:)gj ^otltiir^Ct 

S»Saco<2. OX 10-20 [roS/N] 

cD^ffTT-a, 1 5 p \u±(o ^^m-r^ct 
C0 0 3 5] o*»3, *siw-c'«. mmmm(D^m^m 

co*2 OXlO-"in5/Ni-X±ti:^^'-^-^^^'^«'^^^ 

CO 0 3 6] *fgB^O!ffSLV^i'v^->-i-y HBS^-y 
KT'«. gffijS^O^SgSO±IS%5. 5 X 10- ' »m5/Nlc 

%2.oxio-"in5/Nfet±Ofii»!:SaS-r5Ci:-p r:*:Si4 
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\,\ cnm-^. tmmmm^eo o d p i wTtcias-r 

?amA^i#6n^c 1 5p ii->i±o-i'y<>}iao'y:mBficm 

?*^«fi!c b t O i: -r 5 c i: A<T' # « o 
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[0 0 4 2] CCT\ * 

0. 0 9-0. Smm^tCia^L. stttgRtfEEmr^ 
f-iX-^C0Jl^^f«:^>5?. 5 — 2 0 /imRt/ 1 5—4 0 

[0 0 4 3] clCT% igS}S«OgS^Stiff;^MO^ 

[0 0 4 4] ^/-c. flt5fSff;fjMrtr'^^-r^ffi;^i6iO@ 

mo<2. 5 X 1 0"* T c2/cc [k g/m*] 

[0 0 4 5] fli}fBJE;^^^Oi|l^W. m^E.'h'm<D^'L^t 
Wp< (W-2 4) Xt^Wp^ (W+2 6) 

So 

[0 0 4 6] ^fc. mt^zti^o^^yN. tt]m!£tim<D 
-rns^ (5 s HtjisjEmy^^iX— i5?cD«ii^wpi:-rs 

0. 9 (W-2(5) <Wp< (W-2(5) 

So 

[0 0 4 7] S3fEyX;l/*^e>Ri:tBL/'c^>^rg*^ 60 



(8) it^gg 2 0 0 3 - 3 9 6 7 3 

fflS5JI:^Mrtti:«^-r5jE:^ifioa«iSWTc3bM 5^ 
[0 0 4 8] Sfc. ttJfEjEmr^^^:!^-^?^)^ ftifSff 

-y v'gp^b^ HtjiBisifigpoct^iD^^ p> mtircHLMircmf^-tE n 

Sh. afJflBi8l(i«B5tO^J^frc3^-rsj6jm;^J^S/J>{l:T*^. 

20 T*#So 

[0 0 4 9] ^/t. fli]rfB/X;u*^vhy i^xi^cti:2:^7c 
^*y Krt<7:)yX;U?S^iiAP*rsci:;b^prtgii^S/'c«)> 
[0 0 5 0] »^b<ti. EEmr^^^^-i^'^b^^^iB 

x^y MBS^^y F^^3^T*#S i:v^^%m*Mf e>nSo 

aiMT' # s 1 9 ^ ns o 

[0 0 5 1] 2|s:|€0^O»^LV^-r>^>^x*y hlB^^^y 

fas^^Jbv 2 :^7c;WtcT h u ^xffiM^ n/tfltjiBamr 

4ro >>^aX-t5fi:ffiJfBiS»Stg^3bV^>':/:€::a-UrS«6^ 
^Xttga?«J^-y F(c^'i/^T^>fB>5ir<?)JE®7^^^:i^-^^ 

[0 0 5 2] S/t. B»IB/^>:/:6V »fi1±i0r3 7«i:. 



IS 

[0 0 5 3] *^B«tC«5'l'Vi?->-x'y HH^'N^y K<D 
[0 0 5 4] *^?«ic^s^:^^''^x-y hffiS'N-y K© 

[0 0 5 5] *%B^fC^5'0<>->*x-y H2®l6Btt. 
;i5v>I^IS5I*i;li5v^liiSS«:MJisI^*1':>'^'^x•y h 

[0 0 5 6] ia^«»'<'^^'^*^'^ '■'^ 

!a)1-S!|g«)7?ft^^:*3V^T. HfItESS)SlgO«SSa'£2. 
OXlO-"m5/NJ.X±KKSL. tfllBffiKS^l-. tiJtBff:'! 

[00 57] *SIB^©^ 1 m^SO-r >^ i^x -y MBii^ 
•v F<OI8®I?5aTHi, 6 0 0 dpi tiT<D{fi»»S8BS 

[0 0 5 8] JlE^B^K^S^Zll^cO'fV^i/'x-y Ha 



1#W2 0 0 3-3 96 7 3 

*>p,-Cy^iiS*''±Hit-2.'<'>^-^x y hIBIi'N-y h'^m 

[0 0 5 9] 3|!:^^cD^2mj^©l'>^'i'x-y UBiS^ 

iHlltBS«r*mT?t?Si:V>-5Stllft*^#6>n5. 
[0 0 6 0] 

[%B^O*fi6<DfK«] 2|s:fiBBti:«5'C>'^-^x'y hSBii 

S}^^^-ti<Dr\ ««mT-«.5A% ^'Vi'i^x'yMB 
^Ota^^T^i^^tBiEA^PI-Je^'J?^*'^'^^ 

[0 0 6 1] jfitftBiR mihm+s.n.y^=f-^^-^'> 
(ommmi. mm^.r'imm [kg] . nv^^^-rv 

X [n/N] , Rt/«S [Ns/m] © 30<DAvp<-^5f felt 

fc, fi|fiS»60«f^1t14f*i'^-^^^"i° [kg/m*] . 
geSSco [mS/N] . RZf^m&ifiTo Wsm 03 

[0 0 6 2] ±vssm^^'^^ ^-'^^^^'^ -"^"^ 

•rctt)^r'ti>o CCX\ ipl>i.&f: [Pa] ^rSfe-To 

^fc, 0 2 (a) tt. mmmfi^tm^^^mt&Lrcmm 

iHlSST'feO. 03 4lcjnL/£'i'>i'i^x-y FE^^-y F 
[0 0 6 3] CC-V. uitWm^S. [m^/s] , »^ 

[0 0 6 4] S3 (a) ~ (c) li^^. 
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mo. St/^®SJrCro<0^-&x RttilWftt q) iCi 

[0 0 6 5] «»jSI3R<D^-^— ^^XmoRtfSSSfti 
fc. /X;K0^«Sfic3 tfiiftSSIOWffgScoaLf JO 
02 (a) (Ommi. mz (b) (0J;3lCfBiBS 

[0 0 6 6] 

[^ 1 ] 20 
U3(t)= exp{H3c-t) sln(Ec-t) 

C=Co+Cl 



(1) 



^ cma 



2m3 



[0 0 6 7] yx;i'3b^e)Rtm^n^-r>^fS (::^rS) 

i*:«lq [m3] ti. El 3 9 (a) tC^ L/'c«4JSa5(Offi«l 

[0 0 6 8] 
[S2] 



= 2 



m2 



m2'*-nri3 



m2 



AV 



-^0 



[0 0 6 9] 0 [Pa/v] m^^ea^si^a (= 



[0 0 7 0] fl}^i»«^^c<i:•^T0«:*4^>S^i:^i. ?X[0<fc 

iltil^O. co = A V/p hbr^ait"^o 
[0 0 7 1] |gl4 (a) ti. K«5SiCia^^#^^^ 

:^-^^ji:\^^mmr*mtf£^rmmm«T^^J\^\ cot 

MRC/JES 7 ^7 ^ i X- <o^S*i*i: :te(r:J' ^ sai* 
9 X 1 0-« — 1 X 1 0-«m2cO«!ST% JE:^^Rt;ff« 

1 -2 OcOiSHT^^ft^^^fco S/t. MSitSil^. :^'r 
>U7.IIO^S«T*ti5 — 2 0 /imOiiSffl-e. 
K:7-<'/bA"J?^*2 0--- 1 0 0 fimOlSH'eSfk^'^/'Co 
MtC. fflt7^5^aX— ^/JJg: 1 0 — 5 0 ptmCOlEH 
T\ JES^K^ 1 X 1 0-^0— 3 X 1 0-^<>m/V(D85H 

IX 1 0-2»~5 X 1 0-'8m5/N. 0ti4x 103-4 

[0 0 7 2] ±fe»«T*s«^i:»t5v^r 0 ♦ co 
jE^z-cooa^^a^st^r^^^^^-;^ ;t9ia^ (2) 

h coi:<DSai^^Ii^3^c3^*«:0 4 (b) tc^ 

mi^m (:^^^0 - co) %t#Sfc46tcti:. 
co^2. OX 1 0-20 [mS/N] 

[0 0 7 3] •r*t)-&> js^^j^-r^amr^^ix- 

co>2. ox 1 0-20 [m5/N] 

^\,^t\f^^ct^M^i.ri^^o *fc. 2. 0x10 

■-20m5/Ni:i/^^fitli. i;^Tte:a5^^ c^-^tc. 6 0 0 d 

p i itrF<Dimi^mBm^'^^t-r^ 1 5 p i ^A±(oi^ 

[0 0 7 4] hieii-\^y H^^tSI" 
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COO75]05»±cofc0 - coi:<DM^*'n-rSiJOi'* 

qJ&SeE-rS/^-7^ — ^ffOa-e, 0«coCOM»i:tT 
[0 0 7 6] BfFlEiC (2) lci3tt2.m2St;m3{i. -fiS 

-f^ ^ (2) (D''<^^— ^'^■5"^. ni2/ (ma + ma) 

ms&ism.s. V (iffiSKSE^ 5 c k <dt # * 
CO 0 7 7] , 0 6©iie«*^e> 1 5 p 1 u±.<om 

tC. m2/ (m2+m3) ^^1/2, V<4 0 [V] i:« 
< c i:*<t?#2.<DT% 1 5 p 1 \:X±.<r>mW».^n^-t^ 

rcibVL\t. <t> ■ co^4x 1 0-'«m'/VW±lC^^-r 

cD^2. 0 X 1 0-"mS/NO*#i:**. 
«l*^gEje-r Sffi«T X- Jffl bZ-c^" V ^ ->* x 
•V HS^-y KT?<ft/»«SieSlti:3aL.fc 1 5 p 1 1U±<0 

mwii^m^i^^'om^i>'^i>^ co>2. oxio-" 
[0 0 7 8] \:j±^^rc^'^ic^ m^^B-r^&BEnT^ 

fe^SCk^atBUx co<05aiEiQ:T|5Sfii%^^b/-c;^ 

[0 0 7 9] i^Jc. r;*cfg'±tiJJ k ryx;i/a;^ti*oj 

[0080] «eS« c 0 t±^i/)S^cOJgt*cli:;«c* < 



ID !|tP,B2 00 3-3 96 7 3 

tito-r-sckA^w*. -^^0. zT.-^i^ httAM 

[0 0 8 1] E17lc^U/i:*gSA^P>, 

I±^i^«J5|5«•i9;<l5B£•ra/^:«)^c«^ je:^s©T7.'^^ h 

fe5= SK»$H/^O{±7X'<d'hl:b«:0. 8-1. 2 
1 (OSa^ftktbl^ LTRttb«!l^O«T«: 3 0 %WTK 

[0 0 8 2] ccx\ rrx'^rJ' htbj kti. rx'^i' 

Mt<O^«*8JiM'^*0 8 (a) ~ (d) iCTn-r^o 
SUmH (B) t<Dit (B/A) %^xf fil^^.'^-rSo * 

[0 0 8 3] 07ttE3ftjeOffi:^SH:oi,>TlB^UfclS 

T- c 0 * « k ^ -5 ^m<omm^m e. u ^ So 

JO *¥^T, 

ft<«5|-efeSkV-5ISIit±> E!aft}gW^«<i6<0}g«<01E 

[0 0 8 4] ^!fHC. 03 9 (b) lc5^b/-cS^*;^xX 
*;^^g«I©)lH^^:■^''^T5e'<«o 09*4, 0 2 (a) <D 

feSo COi^^7T-, l30kHzRt/l. SMHztC 

j^_^;!,<,^35EL,T</>2.ckA''e.x ^^mi—-o(oni&m 

St»=feWLTV^2>CkA^*^]S= 0 1014. 0 2 (a) O 

/■cli'&, *lHlKK:t4Ax BkV^-5-0(D»ftlSA^^Sn 

T</^5CkA^*'l«<. 

[0 0 8 5] -r^t*-^. 0 9tcMe.nfc^-:><o*^isjijS 

»»4, ffi»ilSARtfBCiS«ffiJSiS»tC***GUTt^«k 

j<x7;*X®»)t4tglfil^AtcJ;-pT^^Ls cntcSK 

03 9 (b) <D^o^>^~7.i37.mm<D^^ti^mm-et 

50 5o jiK)?SA©BWJaWTo»4. i>J^<OJ:^lC^to«n 
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[0 0 8 6] 

T-a..^/^^ (3) 

[0 0 8 7] lifij|^AT'{i. cot CI i:*^M^J«8!tc* 

c (= CO 4- c I ) 
[0 0 8 8] 

TB=27r^mo"Cc 

[0 0 8 9] S4tC:te^tSccti. tilSS^O^SSa 
c 0 i:ffi:/]^(D$»Sa CI 3g:ii:?iJS3B! LfclSO^^iKSS 

[0 0 90] 
[^5] 

cc^ ^ ^ ^ (5) 

[0 0 9 1] •r^t5-&> cotcii::6^it^Jig*a^n/'c^ 
^^^SScctcJ:-z>T3tSa^ni>tt^^;^.;bV tiffi)^ 
B^Dl^SlT'^^'So CcDtgttlSBti:. #M¥6-1 7 1080^1.^ 

[0 0 9 2] ±fBcOJ:atc. «|2^^ifg-r^ffS7^^a 

iJS^WJ-r^C ^::7b^i£^^ST*feSo C<Dnm(Drz}t\C 
(i. ffittlSBOffi!ftli1@^/h^<'r^ > -Bl 

[0 0 9 3] 7.y--y':/m^mrsKti^'^Xti\^rctt(0 

[0 09 4] 
[^6] 



(12) !t#gS2 0 0 3-3 9 6 7 3 

22 

UB(t)= -ZUTE- exp(-DB-t) sln(EB-t) (6) 
mo to 

-tp^ /^exp(-DB-t)sln(EB-t) 
2ino 

[0 0 9 5] •r^t)-&. S®i^BtCj:oT^i:^<*8IJ^ 
iSuBCOti^KiccO 1 /2^tCttfflJ'r^/ci6. Mifi^B 

c (=co + cO 

20 [0 0 9 6] Ell Ui. coOfillCJ:^ CcOafb^^t* 
^•7:7r**^o CO^^^THi. co+ci=10tLT 

coi:cii:J&7>/^"^>'7. tc^^. oSt). 

c 0 > c 1 c 0 < c 1 i:19:S-rntf J:v><i tti^^t^^o 

?b^lg^>-r^OT*Or% RtfUSillSBCDli 
^^(i^(DMyi^MiL-t£''^^rciblc. co> c 1 irf^'i^S 

[0 0 9 7] ;:5^5Stc^^nScfc9tc, E;^j^O^SSfi 

[Pa] . al^miE^^ (0<a<1) 

[0 0 9 8] 
CS7] 

CO 0 9 9] 1 5p lfei±<^)fS<*«^Rtai-rS^Vi^i^ 

BE:^^Og«^aciti. 2 X 1 0-20ni5/NJ;(±Offl 
t^So efoT> SBtl^BCD*g»lS'g^^h^<ffliMri> 
tcti. co>2x 1 0-20m5/Ni:i9:S-rSi^^^:6^fe 
So -Tft*?-^. lSiftlSBORS*BJ±L. SSLfc;^- 

co>2 X 1 0-20 [m5/N] 

[0 1 0 0] S/c. giftl^B;b^fi«J^AlcJ^i?'ri$@^ 
{SiJ^t-SfcA^tCti:, TBCTct*rSC<b (^{^2) tS 
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24 



m^mi^^t^ (4) -P3g*^^t^scfc*^e.. TBj'i^ 

*[o 101] »ft<*-:^5aU->3VRtf«R{<o>4tme» 
<Tc/ 1 0 fc-Ti. c bu>c 

[0 10 2] 



(9) 



(8> 



[0 10 3] J.X±3S'<^J:^k^> E13 9 (b) KTpUfc 

[0 1 0 4] cn*T'2E'<-r#f=J:^t-^ r;*:«qtmj 

A^^PJ^fc, b*^b^:0-75r', ^ (3) A^e^J5J:j 

■r«^^s*^fes. ^-c-c-i^m. aw/ass tc«:'J^*<88 

CO 1 0 5] it (3) C^P^n5J:^tC. Tctimz • m 
mli. ;^^5e£DJ:3lc1iSS®T®aA [m2] &T>B^S2 

2.0X1 0-2"^ co^ 5. 5 X 1 U 
[0 111] Sfc. cOcRt;^ (8) <D^i^«r^S 

[0 112] ^ 1 ^flSi^^fflJ 



[0 10 6] 
[S9] 

[0 10 7] -ifiwftf'v^-^i-^ hsa^'^-^ ^•'J?**^ 
^o°i 0 8] ^tz. fm<o^X)\^m^^ r^pti 

3 0 M mWT. 2 0 M niiii±. r-^^-ft I 5 * W 
Tfcbfc/X;HK4**^&^^*^^ m3«2XlO'kg 
/m«W±<Offlfc**'. m2 • mi/ (m2 + 

ma) 1 X 1 0' k g/m« A^T®fiSi:^*» 
[0 10 9] *rc, Sf|iSL./-cJ:^li:, E:^^<0^if«S 
cili**J2xl o-"m5/N*'<TRSi:^2>o fifoT. * 
(3) 1 5 M sl;^T<0H^JaS3Tc:«:t#%/c:*t)l- 

« gSSSco^S. 5X 1 0-"»m'*/NJ.:ATfCia^ 

^LT. /hjBRtllitcfflLyc 1 5 ,1 si.:^TO@«)a«STc 
^m^rztb^Cit. gW^«co5S:5. 5X 1 0-"»m5/ 

[Olio] ju±©rts**i:*sf;> m^^SJg-rsE 



9 [tn^/N] (1 0) 

« c>2 0x1O-2''m5/N<D^f^^rifc-riB»JSIg<^*«^ 
[0 113] ;*:^y^->'x-y MBSk-N-vHti. b 'J i^ 

^ 4 0 i:. ztim 1 4 (Oii®<o-gp*fiK-r 
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[0 1 1 4] SI 1 3*i> H 1 2tD«};5K*— SPStBL/ttt 

TO/ X;l/ bf 'y ft?»jS600dp i (cJ^JSt* ^42. 3 m 
T*$»^o fjlfoT. ^ft^•yf'^i^ 42.3^mx8?lJ = 338/imT* 

CO 1 1 5] ?ljtf'y^fe338/xmi:^n. 1 

T'fe^ffi!&«4 1 i:JE1ITi'^:iX-^ 1 6(DUntm 
(SUS304) . ffimT^^^x-^$? 1 6 0*tS^^^ 

[0 116] iP^^Sfca^^Z-cfetc. ^-T— oogp«tOff 
co= AV/p 

[0 1 17] ±fE^5^^^^i6/'c'tO^^ 1 4 0^V7 

tc?j^t-o ^'^^'Tni^ iji$atcffi»)S4 icD/1^^. mm 

co>2. ox 10-20 [ipS/N] 

f4i:S(ii5pii-u±*f#'Sc:t*^T'€^o «er?r. cn^rffl 

l/^fc-fVi^v^x^y hffiia^-y KT(i:15plW±<0-0'>?g 

[0 118] 2^^fltIJK.^<?'JT-ti> ^Oft?0-O^LT. 
ffi®)«4 1 0;i^^&5 Mm> iimT^7^rLX-:^ 1 

[0 119] yX;L'ri^-h2 9. -rv^:?'- 

U- h 3 8 . h 3 9 . h 

4 0. RCflilftfi4 1 ti:. ^051'Jg'^ffi3b^^T(5l-T^fe 
K>. ^*y K^ST^fSlTcOiie^Mmm. ^^y K^S^^fSj^iS 

TXt^VUXSI (SUS304) h^tlTV^^Se 
[0 12 0] yX;l/XU-h 2 9(i. ]?**^5 0/imT* 



(14) ^Wi2 003-39673 

2(5 

^x:yc^oyX;bi 3 3b^yuxftDxr*Kii- 5K^^nTi/> 

-r>^7y-;l/yu-h 3 8cD/S$«200/xmT*$>0. 
/X;l/1 3tcajS'rSitS2 8 ^mOaii7L3 8 aA^^ 

[0 12 1] ^*gKyU-h3 9«. 0^35)<5 0 /imT 

2 8 /imtT^aiSTLS 9 a i:. ■Y>'i7y-^^3 8 btcSii 
70 ^^W&2 5 ^mO>f y^«$&SS3 9 b i::<)^^^^nT 
U^So E:^S-XU-h4 OJi. ff^A^SO /iinT*fe5. 

Si 4/)^?g^^nTt/^^o SffiJtS4 Uiis Ktcai^fcJ: 

x-^ 1 6OigK)mEiS?^^0^*P'rs/'c46cO«jMm®^ 

[0 12 2] ffHT^^OLX— 1 6ti. Bitc5S^/-c«fc 
20 ^til/l^^M 0 /im^^tX^o ^ffimr^^aX— ^ 1 
6ti:. *E:^S1 4tcJ*l5LTS»J«4 1 itcfi^'J^cIS 

CO 1 2 3] ffB7^^JLX— 1 SOWStciti:. 

^1 6(DS*«ffiffl«o«fillK (fflSiJ«8i) tit. 

CO 1 2 4] ^mmmmm(D-c>^i^jiy htm 
j^:^}i^7nTmmmvho. (a) - (d) it^xm^ 

SPgWlc^-To ^-fs !3 1 5 (a) tu^-r<J:-5tc. Rtt 
«^OEm*f*i:/n^yi^ C^^^-T) tc^^y^WSAPX^gr 

j¥-^;b^jEa7^^:ix— ^ 1 6 OiaitP^ i:lRlUlc^S 
^oia=f^o (lcOJEII««:/U-h 4 20M®tc^'<r. 

x/^*y ^ u z/ifx*^mm 4 3 -^mistr^o ^nmBmm 
x^it. mMm4 3(omm^nh\.x^ cau) ^^^u^fco 

CO 1 2 5] :!k\^^X\ 0 15 (b) tCTj^r^^ii:. ^i^rS 

40 m\cif&mMm<-^^^n^'^'r^^mmM'r-'f 4 4 

^/rUT. x/Vy^U>'yr^^iomm«3f^'/u-b 4 2 

^@^*64 5 lC{g@^f CCD@^^4 StCti. yX 
2 9. JE:^SyU-h4 0RtfffiBlK4 1^ 

[0 1 2 6] MIC. 0 15 (c) tc^r J: -5 ti:^ -ES^ 

L/'cjEmt?r»:rL/-h4 2±tc. ^ytii^^t^y^j^ 

Lr^Ts^ 4 6 i:LT. /i;^ 1 0 ^mO'i7 >IS:7 ;i/ 
50 AVXi^%<IfflLTl/^§o CKD^^. jEm7i^^iiX-iS? 
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27 



28 



bT-'<^— 

[0 12 7] W^-X. fS)tv7.^4 7«rffl>.>T. 
A-r X ^ 4 6 7?«Ea bfcff11«*4^l-- ^ 4 2 KUVBJt 

[0 12 8] J.X±ST'(D-/n-bXT% ff1tTi'^:xX- 

6«*ti:WB'Jfi5?5&b. 7^;bA^;^i'4 6*^?^o/-ca5»«: 
SfgiJ L * V ^ <fc -5 ^^<*Tr-ff -5 o 
[0 12 9] com. 4 2ro^ffilc9S 20 

XSmJcoTs 015 (d) tc3^-rJ:-5»!:> 
JS3 i*«it. /hmt:«nfcE«7^'^^x-^ 1 6% 
B««4 5±le:tt«^?a^-^4 4T'ft!iOOltfc«ifiO 

[0 13 0] :^v-T% ±8SJi«*r«*«8f)«4 ucaso 
oitsxg^tT^o *-r. El 5 (d) icTTN-rffmwf^ 
oaffic, sj3t^J (0s^-it-r) «:^fli-r?.. ^mmmm 

1 t^mia^*^^^ iiF7^-b>'^^-h;l'fe/-cO 2kgO 

H^ig4 5 i:=&{R@^-rafc«>li:fflw^fc«i«f?ra7— 
[0131] iX±OXiglc«t: 0 , 4 1 %«j1«1S 

fckzi-y h*H#e>n;5o corLri«yh%> g'j5i{aa»i46 
' «-&LT*3v^fcffi«]«4 1 wn©yx/uyu- h 

2 9. ^V^r-;l'7'U-h3 8. >-3 9 

Rtrk;^^:^!^- ^ 4 ooSE-^ST-fei):/!^- h^--y 

[0 13 2] gi^lJ:. ^ffiST-^^aX-^ 1 6tC|gll] 



[0 r3 3] **fl6fB?M'Jof^BJ^co^.^Ti^^W■r 
>':?ei*S?S3 9 b^!g4LrSffi:^^i 4tc^v^^^ 
Si:. S»)<g4 1 iiJEttT^^^iX-^^ 1 6 tti^^f&^ 

[0 13 4] l.>^±cD-l'Vi'i^'x-y HaSS'N-y K^fflV^. 
^'><^}80[±ai*SI*iTO^Co Ell 6ti. CCD^»T'« 

Wmmffi [V] ««jii:^FBl [^sl ^H^r^^^. 
[0 13 5] Sf. 01 6lC7jk-tmWi'S.EE^m^^&^ 
S^{;HigmcX:^-rs« ^<D«S». *yX;H 3*^^20 

[0 13 6] ^HffisJ^jgff'lo-i'v^i^i-y hiB^-N-y F 
iSft^irSitf^iBlMliiJ:?) 3. 2 x i Q-^omS/N i:« 

gS^-y Ft*. 
00^2.0x10-20 [nf/N] 

[0 13 7] "^SO. co^2. 0Xl0-'«in5/N(O^{^^}Sl^c 

[0 13 8] ^zmmmmm 

SF^bfci^mElT-feSo cO-Of ->'x-y MES'N-y K 

-hZ. «*SSS-/^-F4. JI^'dS^U'-F 5. 

6 cD^lt 5 teOT'l^- F ^^mmic J: oT«S«^ 

[0 1 3 9] ttiii!llSS«. l*cD±ffiSS7i:2 6* 
1 TT'tiS^O^^i^S^O 0^iiSj3itK8i:ti:<fc-5T«fi£^ 

jg-r?.ate**-ri.o S5^«r5sss8tctt*'!f. loffl^- 

•0<OBtimi 4 6^aif52tvTt/>S (01 7T-tt5fiOi^ 
o o$0> **fi(im!!80<JO-i'Vi'->*x y Heit'N 
.y Kti. 2 6 0{iO-Y->*x'>^'«r«-ri>"^ H'J^XttSe 
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[0 1 4 0] 0 1 SJi'fi^xi^^ 1 m<OlS{m^7T<Lfzm 

^-lir^o E:^^i 2tci*SI^{l:;b^^i;^i:. £E;^iM l 2 
r-ry^rS^^jg/S^n^o 2 4 tiiKiss^^-To 

CO 1 4 1] *^fiiSJgMfi^«JT*(i. yx^i/T'u-h 1 tcp 
^ 2 5 /imo^^u-Y^ K:7>r/i/A*ffli<\ x4^v/-7U— 

if»axtcj:oTx r*SPS2 5 /imfDyX;H 0*Jg/SL 
/to *^S6JB-^W^DJ:^tc> yX;l/^J^^-r^SW (/ 
X;i/yu-hi) tcH»Jii:7>r;i'A*fflv>«»^. /XyUT^ 

^yX;H5lBfttffi^i7^RtliBS^14^r^±^'ti: 

K^iStc^'U^T. yX;H Ojb^Jg^^ti^yXyuru- 
h^ffiflg^H'^UAT^JBfiR-r^i:. :J^ieaiSS8C0ilDicD- 

2 0 — 7 0 /imOS5H(^T'$>^Ci:*^WjlTfei»o {S 
TP^Ptl2 6 /imO-O^fltJS^Ll 1 ^JBfiRU/'Co 

CO 1 4 2] nmm,^yiy-h zRumtirnxu-h 5 

X'y^y^-tcj:oTgSSS>'^^->'^JgJ«Lrcc E;^M 1 
2ti:. -iaoS^A^S 0 0 /im. T';^^^' htt 1 tOSft 
flghb. E/jSI 2 0^«PtC(i. ^19 (a) ICTjkr^ 

Lfzo MlftffietCti. ff^ 1 0 ^mOXx>U7s« (E 
v = 1 9 7GPa) Jgrffll/^/'Co 019 (a) tC^oCtS P 
X iii^ST^-fS] 4 2 8 (1^4 2#P.g) oyX;Utr-y^. 

p y ti9J*«7^fS) 4 2 9^oyX;^t^*y^^^>^^^Lrv^ 

So 

CO 1 4 3] 0 1 9 (b) (i. ^nmmmmxmi^rcBE 

i7 5^:iX-t^2 7fi:ti:j5S3 0 MnnO^«t^Em-fe^^ 
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^7;^ (^^r>Ki^Vl/=i>K«B^-fe9^iJ7;^) CEp = 2 
OOGPa) ^fflO^/cio JESZ^^oL^n-tJfOiliWpti: 
E;^^'llWti5{£IILl/M9 0Mni^L. iPXlCii+t-V 
K:/5X h/lOX^*ffl0^fCo a::fo% 3 7 ^iSffi^'^y K 

CO 1 4 4] mmmmmic^^mmmmR'cfnwmm<o 

SIfiS«0§«Sfico(i:3. 2X 1 O-20ni5/N. 
:^-^>Xmoiil. 3 x l 0^ k g/m< i:^46en 

10 fco ^fc. EtiMi zco^m^mfttz. ox l 0-^<^m^ 

/NTfeofc (cc= 1. 2X 1 0-20m5/N) o 

(8) SC;^ (1 0) 0*«^«:}S/'cLTl/^So 

CO 1 4 5] 04 OIC. *||]}SJgS8fi?tjTffifflUfcS8»I« 

jEJSjg^^To 0 4 0 ( c ) {C7jk'r:kmmmW}n&^B 
isbom 1 sjE^ftyn-trx 4 0 2". ^t>\ —mmmM 

Vb)lcMrfca60S2mE^ftXn-trX4 0 4" tci:o 
-^^(cBiAp^nsi:. ^iSff^<t:/D-b:;^4 0 2" 

ra t3" =5/i s. EHt4" = 1 0/1 s. Era t7" = 

\ 5 li Ss mEESfbaV2** = 3 0V. v'WT'XSJEVb 
= 2 0 Vtc:^4?^SL/c:o 

CO 1 4 6] — 04 0 (a) *c^-r/hrBffl|g!ftaJ£ 

30 i^comzm&mt'Xu^Ts 4 0 2x E:/a^J&S8S[^i$fi 
T-§K?S^H^:S/'cA6O^3mJE^{bya-trX4 0 3. ^SiOT 

4 0 4tcJ:oTffi^$nTl/^So COiESjmEEa^Ji^^^ff 
«7^^a.X-:$rfrC01in^tlS^^ ^ 1 tlJE^<k:/D-b 
X4 0 1 tCcfcoTyX;I/r?iPSP^0>«xx;tf7.?b^-HEE;^J 

So 

CO 1 47] ^tDtS. m2mff^{t:Xn-trX4 0 2:6^*0 

;^e»nsi:. yx;u4'^gptcfflt/^fSS*^j^fiJc*n. Mtc 

EH 1 1 = 2 /t s . EH 1 1=2 lis. EF^ 1 3 = 2 /i 
s . EH 1 4 = 0 . 5ms. eh 1 5 = 2 m s . EH t e 
= 5 M s . EH 1 7 = 1 5 /I s . miiSftaVt = 1 5 
V. BEffi{bfiV2= 1 2 V. SESfkaV3= 1 7 V. 

>'W7XmEVb = 2 0 y\C^^Wt'^l^fco 

[01481 040 (b) \z7j<r^mmmmmE.m^ 
50 ti. A^^tw\m.ic^=L7sti7sm»'^nm\^fc^<ox\ 
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7.4 0 3OJ:3KfBttt<0^W»»f*^Tt)*-f. S2SE 

t,' =2,1 s. EF^tj' =2 M s. EHi3' =2m 

(tfivr =15V, IIES{tftV2' =2 0V, ^WT 
XtSE Vb = 2 0 V tc^-i? laS Ufco 
CO 1 4 9] sS^S. 0 4 Otc^LfcffiifJi^]^«^ 

'>*<fc«,««)tfs E14 0 (c) i:S*S?g«OiBifl» 
[0 15 0] mis. mi«E^<t^°-'^^4 0 2" <0 

4 0 4" to^cgiJoe]l^<t::^cH2;^«:iiDx.T*>*^**> 
aiip-rs^ 2mESft:^D-fe^ i;*'>* < ^ 

;S:V\ mtf. ^3iaE^<tra-feX4 0 3Rt>'^4fl 
ES<tyn-b7.4 0 4=&^U*o>ffi«iifi)Bi:bfcO. S 
llg]5^<f:/n-bX4 0 1 OKflfltJ^. 

CO 1 5 1] 04 Hi. *SI«iJB^^lT'fflV^/-c!|gift[Hl!^ 

ii-i?»c. 04 o»c^ufcS&i«iSffffiJ^«;^iE^^^ 

mit^^^o :^^mBmm-cii.. 040 (a) ~ (o 
3a<oi8»)m)i«im«si^*-a:a/t«>t- sail 

©»JB«^isiK4 IK 4 1 r . 4 11" ;&(l;^rfc 

0. &W±ti*i0SS4 1 2. 4 1 2' . 4 1 2 l-J: 
ffa7i'f^iLX-^'4 1 4, 4 1 4* . 4 14"tcFn 

mtnzmmnBi&.Bt^T.^-y^^'^'^'^^'^ 13.41 
3- ^ 4 13" cj:-3TW0S^e.n. mstss^i' 

CO 1 5 2] K*±^'<fc**i6JeS8^J^^^^'^^'^ 



0 (c) ICS^Lfcfgttifim (V." = 3 0V) ^EUT 

!gsn/to t-'ftt)^. «esgco^2. 0Xl0-">m 
c i:lcJ:-3T. 1 5 p I «:ia^S:*:ig<?3'illlA^^«6i:* 
4 0 ,1 s . 18kHz (DffijlSgfSA^BIfit-efeo 

Vo 1 5 3] i^^mmmm^''^'^^^^-'^ h^^^-y k 

;&fflV>TSSaii«±Kil<»82ii^?T-3fc$gm. 6 0 0 d p 

i co{av>iasift?{*«T-t. (oDfii 1 . 

3) «rt#sci:A'T-^fco -r^to-s, *^«s)gaie'J«5'r 

6 00 dpi ti^oi&^-'tim 

5, ig»)iSJB09]*amff«:Vi" = 4 0VlctiAn 

20 ^-yrfcl^^icti. 2 7 p I <OSSi*aA^»e.tl. 3 0 0 d 

p i cot^mmmmx'^^^^nmkm (o ofii i . 2) 

[0 1 5 4] 02 Ui. *:*SSJB8lff"l<0-r Vi^->*i-y b 

9. 5 ,i s i:'J^^<fflJ^^*T-'f''^^'^^*^^^**^^"° 
t1-jit>-*b. §g#ftco^5.5XlO-'«inS/Nco«:«^«;»lfc 

1 5 ,1 s WTO@«JaS«T c C hti^X'tfco 

30 [0 1 5 5] Sfc. 02 1 (0?^-7.ii7.mm-^Bii-^m 

fliHg!ifi?lJ<^l'>'^'^*"^ hlBS'N-y F*V ^ (8) RXS 

40 CO 1 5 6] Sfc. 04 0 (a) lc?.-riE»)5ffiJKT'/hriS 
i±tH%tT-ofci:C5. «ft«2p 1©SS'M>^?S*^ 

>^ ->-i -y UBii'N-v FT'ti r^nSttmj t r/hflStt 
mj i:<OW3lA^^figT*feO, 04 0»C7nLfclE»)«EiSE 

JO z.x-^'tceniiP-rscii:*'^*^^ 2-2 0 p 1 Oj£<.>rS 
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[0 15 7] tmmtLx. Emr^'f-ax-^co/f* 
i:s»tc-a-r5J-gm*n#e.nfco -p^o, co>2. 

0 X 1 0-"m5/N(J[)SEHt?t± 1 5 p I liLhcOS(*SA' 
tfenfc*^ co<2. ox 1 0-"m«/N<O^frr'ti 

1 5 p l*iSlOigi*«LM#P.n-r. +»*iiif»««* 
?f5CtA^T-S%7b^ofc. 4*5, co<2. OxlO-'o /O 
m5/Ni:*«^fem±, W=5 00Mni, t»=10M 

tp= 4 5 ^m-^, W= 4 0 0 ^tni, tv=5;im, 
tp = 3 5 yimr£Eom.3i-'^t>-<±-n^^o 
[0 15 8] co>5.5x10-'»irf'/Ni;*ofc«-& 

»ctt, 1 5p 1 w±<o?g^*i»^*^»p.nfcA^ a^jassx 

c AM 5 ;i s W± i: * >) . 4 p 1 J.XT£0/J^rS[±tb«:*^T 
T-$4<JS:o/-Co co>5.5x10-'«ni5/Ni:4S*mis 
W=7 0 0/tm, tv=10Mi"^ tp=15M'n"^-W 
= 1 000/im, tv=10/ini, t p= 3 5 /im^ifO 

[0 15 9] IJLhOlK^A^e., 1 5 p 1 W±<0?»l*»l«: 

6i«L. A>0 1 5 M sli(T<0@WJiI8^Tc«:t#5/-c«)«0 
^{iffcLT. (1 0) A^S^T'fe^CilA^^^WlCBi 

Jl^, «Kl!i^<73^S^S«:2. 0X1 0-202co<5. 5X10 
niS/N<DlBHtcia^-r'5fc46tc«i, ffi^^iti^3 0 0 
~7 0 0/im (¥®«0. 0 9 — 0. 5mm') , ffifft 
iEStfEffl7i''^iX— :5?cD/¥i^^^^. 5 — 2 0 Mm 
RrJ^l 5— 4 0 Mm<DSi5iaJC^S-r5':.i:A^MSb<'"'o 
[0 16 0] ^tz. TT.^^ V^tm 1 T-*V''S:^Jg<0 JO 

S7iJ^Offi:^MfCt5V>Tt, ^(10) tO*«=«:SS 
fc-<i:tf, 1 5 p I J-X±©igi*iaRtf 1 5 /i s l-XTOH^ 

Wt%^<0\z^ 2— 5<SOffi»ffia (£E:*3SO^E») 

[0 16 1] fl^J^tf, ^USSJgfiW'O-i'V^'S^x-y MB 

^-N'y Yhm\:.mwm (2 o p i ) m%-hfz^\z^t. r 
y^^^ htbS'Oi' v^->*x-y hfE^-^-y VX'\.tS.tim.^ 
'l'X*3 0 0 X 1 5 0 0 /tm^ i:"fS)2MIA^$'-3feo C ^0 

■rSi;**)2fg«ffi::bMffi«T-feO, m-:>X. /XjV(Om 

B^<0&f]SX'i>. (1 0) co^fr*i«S/-c-ii«"@<Si: 

[0 16 2] !S:*3, mfjib/cJ:atc, 
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A^ cn^awsigt*. *i5tcmjs-rss2a(0jg^gp 

9 (a) icjfsi-J:7ic, B:hmi Z(DPi«i (PS) »CR?B 

[0 16 3] -r^to-t, xOi^s/'x-y hSSS'N'y FT- 
tB^tT^A^ ffi;^iMF*J»c«jaAWbTV^%i:E;/3%^ 

5aj^AM6TL> '{>'!7m<oiiifn^m^*l^is,dfLXL^^ 

•5. a#5t?aA<:*:t<'^i:, }gPttliA^^Rrfi6{c4«ii-&t 
feSo ^CX\ a^OY^i^i-'x-y H5^^HT'«. / 

cia<, soff;^)^«c^iA^i¥fe-rsit-&i-(4> 

ic-l'>i'C0tg3!i^^ (iJitiSA^®t.^gP^J) A^^^-r*fci6, 
StSSfWA^BSUKftS. 

[0 16 4] ^cx\ ^nmmmm<o-^'y't7'-^^"-> 

fc. UK. -^(D^ff (/X;bA^?>2 0 0mmHg<Dffi 
T- 5 1' V ^ I) V ^ ®i? I 'Sr^T o fct^lc *3 

}^4^e-) «rf«f*n L fc*SISS)e8I^J<0i' > ^ X -y b bB^-^ 
•y Kr-(*^?a?^#^A<OT-«-s.fc<Dti:^Jb> R}gtt*# 

[0 16 5] *«flSmffi^J<0-i'>^'-:^x-y MB^-^-y H 
T'«, ^SliOff^^Rt^ffimT^I'^ii-^S'A'^hUi' 
Xtt»i:iiG®«gB5iJ*nrv>5/-ci6, ^-JrOffiST^^o. 

x-^tcm^SiK%?TechA^®46TBiHt^45o -r^ 

0 3 Sicfn-TJ^oic. )E:^^A< 1 i^TcWici^J* 
nTi/>S)g^^, IB 1 ^mJ&mm<Oiio \c 2 ?»tn:E?iJT? 
*>E:^^oStA^^1^4</'«ii-&tci*. 'ijt^om^t^Wjii 

^ c: i:A^pIfi6r-fe«AV *^fiS5}g«ff<I®<fc-5 K^»©BE 

[0 1 6 6] ^CT% *^fi!iJg^«>m*, 0 2 2Ri;i2! 
2 3»C^-rJ:^=9:««tlSi^7^r*^ffl''"^-<' t-^to*.. BE 
^5.^5L^:L-^lcm<S>'<y Ka53 7 (01 9 (b) # 

s§) ^iatt> 0 2 2c^-r«fc-?ti^, iKDMM^^y 
immm (f p c««) 3 1 1 t^¥^m^^>-:^^i>i.x 

TS»ci¥L<i«wra. 

[0 1 6 7] 0 2 2 (a) SO' (b) li^^mMS-^flfl 
/t^Os^^aS. 02 3 (a) Rtf (b) ttj^'*, 02 2 
(a) £DA-A*at}'a-p/tWffi0, Rt;02 2 (b) (O 
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iii^fflmfiiS 2 1 i:<iB'Mi^fflS<S3 2 2 i:*^*'*?^ 

^mnm32HiCv (O. 2/im) i:Au (O. 2 II 
m) i:©r)i«l3i, fflg'Ki^fflS1S3 2 2(iCr (0. 
2tim) i:N i (0. 6Mni) i:Au (0. 2^^) t 

[0 16 8] {iSiJ(«S« A«*nfc7 
u^^e/^ybT"; V hBEaSffi ( F P C »«) 3 1 Hi. /o 

5BBi^^<^'-^^3 2 4. A^^-W^3 2 5©^®*^?. 

FSBS 2 6 i;«t5-rSffifl(i:{i<iSi]«^ffl^«i3 2 7*^ 

mm^nr^o. coasis 2 7±ic«, »«ttt©37 

tt3 2 8RtfWS14©«^*t3 2 9T'«fig«n*i|i«^4*: 
=iTt*3 2 8i:LTCu*fflV\ =iTtt3 2 80^ffi 

1 5 0 Mm . itl^^e OfxmtClSSb^Co 
[0 16 9] F P CS«3 1 1 fcES 

^^^^i_^3 1 2=£fflSKMl6]2-l^. tt<S^<-y KSIS 

m-m^^^^^^^'^- ^^'^"^ ^^'^^-"^^ 3 ° 
itm^ffj^tsmmmim^-r^o fi»«s3 1 sRtf f p 

c»«3 1 1 ±om«s^ffl'<-v K 3 2 7 i,mm^^ 

/M.Tff«7d'^^X-^'3 12tCffitt«E*W«n 30 

•So 

[0 17 0] 3t:^S{iJe«®CIJ<Ol' V-^i^x-y hfSS'N-y F 
T?« y^vy3 3 O^Sr^t^^WcJI^fiKbTl/^^.. CtlJi, 

i^-iC-r^rabX-lb^o trj:i^*>. Fpca«3iit: 
E«r'J'^3.x-t5' 3 1 2 iicDWSlcXbA^^b''^^ 

gi5i:/v^^3 3 0 t'Drnm^m^i^-it-r^ctif^-^' 

[0 1 7 1] *fc^ :ifini&Bmm<D^>^'>^"''^^^^ 
;&ffli,^ru^5*^ cnfc. mfii/'^-yFgPi:^^^-^^3 3 0 
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[0 1 7 21 ^fc. B^^««^cfe»!14<oB;t^*^i»*ffl«'^ 

Si: ffia7^'^iJ^-*3 I 2;&Sg!S)bfclSii:, ^"^^^ 
:/3 3 Oi:B2Ji»«3 1 1 i:cDPB^ic^^-rsJ5;^«<£i^ 

>y nap. Rimmmm(o^^<DfSir'iz^^fiiti 

*[0 1 7 3] Mtc, **Sli}g<S^J'^-f y MH^ 

^.yFT-ti /^^/:/4 4 0OrtgPti:=J7«3 2 8%ISA 

a.X-^' 3 1 2 i; F P CS«3 1 1 hO^llCKKi^J^fiK 
-rSC tA<5J^tC«:«OT% JE®7^'9^:iX-^5'3 1 2 
*^ F P CSttii-l«)JK«ns c i:* < 
ci:A<Wtgfc*5. ■^*^'> Em7^^^x-^3 1 2 
i:gE*S»«3 1 1 t<o^mcBm^^S.m7^^=LaL- 
^3 1 2 0!t#tt^S*Kit-^Siii:*^T-#, ■SSSIt'OiS 

tfc. 21iTi'5=-:xX-;?3 1 2 t F P C»ffi3 1 
1 i:<DHic^RSA^#«-^S^^ Em7^7^aX-^»3 1 

[0 17 4] ±tS<0J:^*«StS8i'^^**^'''*^*^*^ 

iO. 2i>:7c«iciii®Sffi?iJ^nf=ff«7i'^ax-^ 

3 1 2tc«bT«,iiS^^S«tS^*^^^'^*'^^*''^' 
-r^S:^^. iat»ffi3 1 Uiff«7;^^^x-* 

3 1 2<D±:^»cSES«n5/-ci6. m^m^^mt^:^^ 

[0 17 5] m?ilS. ^J-^-XA^SOOxSOO/im'O 
Har^/^aX-^S 1 Z'&l ox 1 OT-^h'Ji'Xtt 
tcBEJiJt-^*^. FPCSS3 1 l±lC5 0Mml^-y^ 
OiS3ia^<^'->*5B^'^«>Cfc«SS-Cife5/::fc. 5 7 
5,xme-y^ST-ffi«7^^^x-3'3 1 2<Dffi^ie-v 

^=&/jN^<iss-r5cfcA<T-^*o iinti. 0 2 4 
(a) Rt; (b) tc.T^-rj:3*-^F'J^xttBE?'J^-y K 

[0 17 6] fi?ii^ff. 02 4 (b) t7]s-r<fc7t«-. am 
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37 



38 



y^^^::_-j^ 3 3 1 i:i5i-iF®{cfiigiJ(i^^3 3 5^ 

Bi)tcJ;5§/hEiat^-;'^A^-^W»cO. 3mmgST'$) 
5/£«>s ffSr^^iX— ^ 3 3 1 ay^Vd^vf-^ty^ 
3. 6mtn7b^TKi:^?><. **)56f^gl^J©<fc -5 

[0 17 7] "^^^mwMm 

13 2 5 (a) 3^:S|fi6Jg<g(?lJcD'N-y K«jfi«r7rN-r¥ffi 

mr^f^iX— ^ 2 4 1 OifiWp*JE^^2 4 2£Di|iW 

Wp^ (W-2 <5) Xt* Wp^ 
CO 1 7 9] ±l5cD*:{4^TT-EEmT:^^ii-^'<OtaB 

i6T-fe«, -r^t)-^. 13 2 5 (a) OJ;5li:, Wp< 
(W-2 6) <D^fe<«^«:M/'c-r.fc3li:iE1t7i'^^x-^ 

A^^^LTfeffmri'f-iX— :5'Ci|K®lgP2 4 3*^ff:/] 
g2 4 2©|!|iS±ti:**Sci:t±*i/^ ^(Dtcib. mm 
815 2 4 3<Dil!Sffl5(i#tClE!i53ti?^ii!{if=4:bT«fcn«fc 

[0 18 0] — 7^, 122 5 (b) CDJ:^tC. WpS (W 
+ 2 6) (0^^*»/-c-rJ;3tcES7ii'^a,x-^i|i«: 

feSKttg|52 4 SiiWiimz 4 2<OPSii±lC«tcS*oT 
0. 9 (W- 2 6) ^W»< (W- 

[0 18 4] :$:nmmmm-vi,i. nmT^^^^x-^jfto 
S-&^n:^*-r5«:*:tte-rnfi 5 *^ 2 o m-efeofc 

/£46. Wp^4 6 0 /imtC^SUfc <iS.tlMmVJli 5 0 
0/tm) . ■r'S:*^-^, ±2 0 /im<^<4^'^"<T-*'^*'-'^ 

fto 

[0 18 5] nmcm^<OilB^-v K«r{ti!ibTRtW^ 
m (-fV^ffi^sg) (Dtf e.O^^rP'^fciKRs 5 = 2 0 

■■rti^rteittcs 0 /l^ll.i(±^^:tij!)^;^•^^•TM*^f•^fc 
i:C5s RtUdJa^tc 1 0%W±<OM*^^^-rs<li:*<fiS 

iS^n/co ^ (1 2) (D^{*^rS£-r5^i:tc 



♦ •^v ESZ^^iX— ^2 4 1 cDBWp^flE^SigWJ; 

CO 1 7 8] 02 6t±. E.:hmz 4 ZiiEST^f^aX 

-^241 «DJ|g®)gP2 4 3 (.mi^Acm^^B-t^^^) 

/O iX-^ 2 4 1 <Oi|SWpCJ;oTSeSficotCifn/£W 

0. Wp^i-xTo^i*i= (^(11)) ^ffis-rsj:3»cias 



(W+2 (5) (11) 

85 [0 1 8 1] J.X±cO<fc3lC. (4B-rn*^?I^L.T«.|gi!) 

iX-^2 4 1 cOi|iiWo5&iS (11) £D^<**«S-rS 

[0 18 2] fcfcL. WpS (W+2 5) LTIBSjSP 

titmr^tcoii^izmic-i^'Pr^o ^/£> Wp^ (W- 
2<5) co^^tc*,. WpAVjN^f ^SirttdiSb^AW 

i6) o 

[0 18 3] 13 2 7 ti, f±a^mt^^^y^t<omm^ 

30 m^itm^r-S)^ (5 = 2 0/tm) o c<ommi3^&. Hl 
25) (12) 

[0 18 6] **5. E«7-i'^3.x-^©(ftBmfia 

7-7't'p<:^h7^ffi«rfflV>/fcJt-a-, ±l0~±3 0/ttng 

t±10~±30/i mSfi/J^^ < SaS'T * c i: *^SJi-C 

CO 1 8 7] Sfc, 02 5 (b) (OHoVL. iEt^mSW 
A'5 0 0 /xmT'*-5<Oti:54L. Wp«:5 4 0 ^mtCiSS 

ii-&tca. ±2 0/inio<i[e-rn*<»4Lrfe. ffiwas 

50 ^V^ili:A'5Sffi*tlfc. fcZ-cL. ig«ia5«7)^l?*{**^@ 
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^S^cOtcib. 02 5 (a) (OtSiitCit-^StRtmSft^*^ 

[0 18 8] 3ts:||)5!Bjg8lfi?iJ©'i'>'i'>'x-y MB^'^-y K 
XHt. M«)Slg<^e»Sfico«3. 5X 1 O-^'mV 
N, 'ft-^'>:^mo«l. OX 1 0»k g/m«i:** 

>yKt« (8) Rlf^ (1 0) (D^#%SSStT*5 0, 

^ojss, mwm 1 9 p 1 (vi = 3 0 V) . s«ffljw 
9. 8 iis^m^ctti^X'^rzo 

[0 18 9] ^4Sg^}e^fflJ 

5o **sfi}g^eij®i'>^'5^x-y vse^'^-y Kt±. s* 

^j^-fom^^^ 1816815 2 7 3, mm^^y KgP2 7 

[0 19 0] -t^t)^^ S.nTi7^:x3i-ii 2 7 Hi, 
mjl?^2 7 8<Ofefi)tlJ:<fc*)|gfta5 2 7 3 fcSfii/^-y FSP 

2 7 4 i:C^^«*n> ffi»ia5 2 7 3 0Sfe<0/h*V^gP^^ 20 
T'yj-y-:^SC2 7 5«-^>bTg5S!*nTV^So iimcJ: 

t), Em7:>^3.x-^2 7 1 ©mS-'^'y HgP2 7 4H: 

CO 1 9 1] 02 803^iS5i^2 7 6 T'St) Lfcfc ^ ^^^^ 

7;^'<;'>J±*M ti:)fi''^E:^S2 7 2fc:«»S>K-r*ffi 

mTr^'^^n-X— ^' 2 7 1 *IS?»? SlfiM^ti 
X-^r 2 7 1 05S{iiJ6j^*^'J^<tb^*^e.lEi)jgP2 7 3 

CO 1 9 2] ^mic, :i^nmmmm<o-f:y'!7ifjiy mb 
iiiiS]m^2o%mha-r^ctti^x^rco ■trj.t>^. v. 

= 30V7?23pl <0}iSi*a*f#S C A^T'^fc. * 
fe. i^%immmn-( 5^' x -y h IB^-^-y H r-ti. « 4C 
ifiil«<O^S^Scott3. 7 X 1 0-"m5/N. 1':^- 
-^yXmotil. ox 1 0« k g/m<T'*t). 
Jg^tPJO'C^'if ^^x>y MBS'N-y Ft.3S (8) Rt/S 

(10) O^^^^^SSUTV^So 

CO 19 3] 02 9t±x yu-yi^*gP<o*iWbi:(±tiiJ*^ 
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U -y v^gPOiliW b lilBifigPOitiW p C^rT LT 1 / 2 W 
T, l/4ii(±fCgSS-rSCtA^MSbi/-o 

[0 19 4] EMTi'f-Ji.i-^ 2 7 1 0}gt»c(i, 0 2 
8<DJ:7'S:W-PSS*n5t<DT'»i*<. 03 0 

(a) ~ (d) \C7r<t^o^. ifl>t?cDJg«%)lfflT5C 
i:A^BIft|T'*;5„ r';-y->'a5 2 7 5*^igiaaP2 

7 3<D4''U*^e.Binfca5»»ca*£^nTi/^ntf. yj-y 

i^a5 2 7 5'«a«i''<"y K8P2 7 4 0JB«t4''^*^*S^« 
T'feoTtJ:<. *^c> yU-y->'aJ2 7 SOfiStt 1* 

[0 19 5] ^%m^*m<0^o\C^ SM.7<7^ 

jLZiL-fi 2 7 1 £Digffi)gl5 2 7 3 i:mfii^<-y KSR2 7 4 
^i^Si-rSCttt, lim7^'5^3.X-^'2 7 1<DS^« 

m^n'y±x'i>mmx&^o -rft^-fe. 02 5u:7nLfc 

J:^*ffiaTi'^aX-^2 4 KDjet^T'ti, IKKlSP 2 
4 3 i:m<S>'^-y FSP2 4 4 *^»gi2nTU^*l/^rcl6> 0 

2 2 Rt;0 2 3 iCTr.Ltc? PC Ste^isgffl 
J^ft'&ffll/^ftlSfC, 02 3 (a) , (b) K^fJg^W 

3 2 9*^iKS]a5^i^li:i5!lAb. ^ f ^ =^ 
—SKO^B^i^M-t^^M'^^^o ^i^^ S.tlM2 4 2 

[0 19 6] -71, 2|s:^«5Jg88^JO<fc5fc. IBttSPtS 

So 

[0 19 7] :$immmmmxii.. m.fiTi'^^^-^z 

7 l<0}e*?A\ 0 2 8&tf03 Ot£:/p-rJ:3*1SSt*JB 

0, ^*S;S:}e4^c<OJEm7i'^iX-^«:S^WA>o5®^ 
BgT««tJ:AnX«rm\ <S3X F-P»««®'r>f 5^x 
•y h^&Siit-rsc tft^oIfttt^So 
CO 1 9 8] **fiS}^^^J©-^'>^i^*i'f ^tB^'^>y H 
T'«, 0 2 8tJ:^-rJ:^tc. IBD^^ffaz^'^iX- 

^ 2 7 1 opa^tcrj^s— >'2 7 7^iai5Lfco cn 
<D^e'&K±b, am7i^^ix-4f 2 7 ucis(/>^i* 

i5— 14*Bi«-r 5 fcfe© t> So 
[0 19 9] •T'&t)^. Ea7^^^x-^2 7 1 
>F^7XhAnX-rSi:. Em7<?^aX-i'2 7 1 O 

0«:?7rS]icwr5*DX (x.y^>^0 <Dii?Ti:MtTL ^ 

E^T'i'f-^-^— 2 7 1 Oi|'S7T'(6]'Nt*aXA^3ii7 
■rs (WT, •9-1' Fx<y^>i7-tnf^') o Fx 
•y^vd^ii. ■9-:/H:/7 7.KiDX*ff-5Sfi:> -/vxh 

^•rSo *LT, ilO-9--l'FX-y^>''J'"<^)*nXjiS (/lO 
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[0 2 0 0] CO<fc9tC. KX^y^>^*(?:))itTji« 

x-^2 7 i*8^0B€y*px»*a*^-^-e*ti'nti. -9- 

^ FX'y^y^-cDittTjtJttc/^^^y^^^b^^i:. ^^o*g 

Em7'^^:iX-^ 2 7 1 <0'^-< XtP^m^^^^^^-o 10 

rL^'5o am7^^iX-:^2 7 io-9-><xti. »±a 

[0 20 1] ^CT% ^^Sajg^m-O'^i^x^y ME 
18^ *y FT'«. taStcBIS^t-SflEaTi'^aX-^ 2 7 

l<0ffllCt,i$^^^->'^^->'2 7 7*fg^L. ^EMT<7 
^zl:L'-^ 2 7 1 ^^^mtStWlMZ 7 9(0^tiHSii£- 
^ 0Ki8O/xm) tCft^.t^fcL/'Co COflljatCJ:?)^ 
:^T<?3E^7^^^x-^ 2 7 1 ^mC^V^'CtuX'r^ 
Cti^^Vt. Tf-}£i^-1tOSl/^JE«7'^^^x-^ 2 7 20 

X-t^2 7 1 CDi|igWpO|gjg^±5 /imt>(Ttcl(tl;^;5»c: 
i:jb^T#/co ^^^^-/^tJf-^^a 7 7^iatt:&u>-e'9->K 
>^^XhftOXLfc«^lCti:. ffiST^f-oLX-^Jf 2 7 7 
Oi|iWDtC(i±2 0 /imtX±(OCf6o^:6^^^LfcC^ 
^it$5"r^^> — >2 7 7^1fttt^C^O^<J 

CO 2 0 2] ^fc. ±fBi:PL;a*"e. HIS UC^TcJ: 

vic. sa^oj]Eii7^^:xx-^2 3 1 Tb^se^j^n/cisa 

iSlEcOil'MiastC'L^^-'/^:^ — ^^2 3 2*gHI9:Lfco "T^ 30 
t>-6> ^SCOffiSZi^^iX— 2 3 1 :6^iB?iJ^n/'cSg 
i^SOil'J^gPtCffigLfcffmT'^^^x-^ 2 3 1 T'iis 

Kxy^:/^-:«)^^L<Sg*t-^/'cA6. 
x-^i:LrO-+ffiffifi*^«Ftct#lC<U^ ^(Ofcib. ffi 
?iJ^nrc£Em7^^:iX— Ht^cfc 9 ^^:^5^^- 
/^->2 3 2%ES"ri»C^tc<fct)> irj.^gptciiEBL/'c 
EHJi'^aX-:^ 2 3 1 tC*3V^T*>B5l/'*^-S*5— 14^ 

^i/*x7 hfSiS^^y FT'ti. nMia5<Di^''^->'^^->'2 

3 2 ^(^ 3 1 (Oct a Lfc*V Sffl5^{k^tlfc -/O 

[0 2 0 3] ±IB:^^-/^^->';&®fflU/c*gS. 
JSmifi^J^-i'^^v'x'y FIBii^^y FT'ti> ^^^^ FrtO 
2 6 Offl^O-rS/x^iS'iCfcl/^T. RttBtttt (rB<*St. ffl 

fzo */c. ffiSttDIBii^^y FPB^TJ|t14l:k®*L/'c|g^. 
leil^^y FHT*<D!t#tt/^^^y^*>±6%i;^TJCiKt^C 
iljb^ffiE^n. ^r^-/^^->2 3 2^ffll/^fc±l5Effi 
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[0 2 0 4] M_5^fi|MfiM 

K@^^B4 2 Oti. -oe^v^x'y FfH^^^y F^ffittt" 
^^'VU*y>^4 2K ^ff]4 2 ST'^Nri*^:?^!^^^^ 
-V U ^y>^4 2 1 :&^g-r^fcA60aE3^S««4 2 2. R 
t>\ tmm^h LT^OfB^fflffi 4 2 4 5^91 4 2 9 r 

7j^'ri«j^«>^f6]u:as2fri>/£:«)<oiijj£saHf}4 23%^ 

[0 2 0 5] -rvi^i^'x'y FfBli^'yFfi> yX;l/;b^J& 
fi)£^n/'c®3b^fBSfflJ»4 2 4 i:J*fPj-r^<i:^tJ:^^U'y 

>^4 2 i±tc}s«^n. i^S7uf^4 2 stcffiST^^n^ 

;b^e>IBSfflffi4 2 4lcJrfbT'<^^i?ffi^ttfcB*rsci:Jc 
<tO. -S<D>'^>FSiJ§!4 2 7tc«LTlBS«r?T5o 
l/^T% IBiiffl)®4 2 4 ^i«]^S75-f63 4 2 QtC^SIL. ff 
t;4^'V'J*y->*4 2 i;&^^S7?f^4 2 8lcjaaiL*;b^& 

ig-rci:tCct:D. fBgffllBE4 2 4 O^® let) /2:oTH» 
CO 2 0 6] ^Ktc, ^^SEJg.^MiO-rv^'v^x^y MB 

iS^H^ffi^^"rii«fBS^tT^\ fB^3is:Rt>T®{^D^M 

O^ffi^tTofco -Yy^7i/x^y FIBi^^^y Ftcti. ±iB 
^4^Sg?B^fi?«JT*ai-<fc^v/ F«3tO^^D^^gfflL/'Co 
>rxn— , v-t?v^. ->TV> :/^^yi^0 4felc3^JC* 
•^T. 1 e^fc*:) 2 6 0{@O-Yi^x^^^W-r«.vFU 
i7Xt»cBfi?iJ^^y F^^-^' U ^y >^4 2 1 ±tcM^TSEB 
IB»fflJSfi4 2 4±TMfetDF^y F;&Stefet>-^tS C 

CO 2 0 7] ::^}iS{*a l 8 p U /J^S{*S2 p 1 . IB^ 
fl?»jS[{i: 6 0 0dpi. qttBJSifiSCti 18kHz \Z.WCS. 
LTfBS^tTofclf^m. A 4^t^X (2 1 Ommx2 9 
7 mm) (7Diii^^**j5l3?o^raTfflB«J*r^ci:*^T'#. 
8ia6Ti^i/^IBSi3iJS^^3Eg-efr^<i t^^^SE^nfco * 

)fe«i4;bMg<ffl3^en> naScofiii^TlSv^iiiM^IBSi^ 

CO 2 0 8] tb®^]^LT. yX;uS!(6 4{@//fe<ofie* 

tgj5::^rSi*«ti 1 0 p 1 7b^±PITfc^/'c/'cA6> IB^ft?» 
J»ti 1 2 0 0 d p i tClSSLfcp /hlB<*S[«6 p 1 . »± 
1 8 k H 2 tC^>5?^SLfco IB^Sfi^Wffi 
LZ-cIS^. A4-9--rX (2 1 0mmX 2 9 7 mm) OBi 
{^^fB^TSOJcH^lS 5#<0^H*SL/'Co /JnS 

CO 2 0 9] \:A±<D^v\rC. ^mMBf^m(0-{>i^i^3i 
gfico7b^co>2.0x10-20mVN^Ci9:^^tlTl/^i>/'ci6^ {6 
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43 



44 



^cD^eSSco *^co ^5. 5 X to- " m5 /NtciS^^ tlT V>4 
[0 2 10] «:*3, ^^asm^iJllT-fi. 'N-y F^*+ 'J 

fc ^'vY^m^m^. BP^. yX7i/> *t®i5S 

[0 2 1 2] *fc. ±fa*)5iiJB®etJT'tt. ffi^MOfet/c 

[0 2 1 3] */-c> ±tB*«i}Bffie>l-et*. IE^*S±lC« 
:/^i^x-y MB^i:tt> fg@iJH!i±'N<D:i:^^il#<^tB^ 

[0 2 14] **fiajeiB<5<J-Pffl''^fc't^*^^ ^Bfetfe*' 



1^A<2 , ^ 

5o iE:^feT'«A=^2 (^1.4) T-*5*^ IE 

H^IJg'e«A = 2, iE/Nft}BT'«A=2/^3 (^^1.2) . 
S.O-KP3T'{iA=1T'feSo cnP.'0¥ffiJB««r*-rs 

[0 2 15] j&fe. iif]Sis<D¥®}etic, mn. m-s 

2.0Xl0-"^^®SSco^5.5x1O-'9 mS/NO^ff 

[0'2 1 6] 2|s:fgBfl:gr^-(D»5ii^*SilJ^®fi^l'^» 

tc-O-^v'x-y VtB^'^'y FtOSEiftT^^lix ±tB*flS}^ 

>y HBS'^'y FRtf^-OSlii:'Ti*^ ^^/i^i^x-y MBii 
MO'lt'f'Vi'i^x'y FIB^'^-y H^^)iK«J7^^i^.^ 

2|s:fiB^<D l5Hlii ^ * *!- S o 
[02 17] 

y F-9-1' XO;k:S{b^3 ;^ h7y ^^^^ b^o. 1^ 

•y K, iKD.fc^'&'l' V^'i^x-y HB®'^"y K%«tSbfc 
^'V^7i/-x-y HB^^«. Mmc. ^v<>->-x-y hSBSS 
-y F<Diaii:^ffiRt>*SBifj;^ C i: A^T-# i.o * 

f. i5i-/X;b*^e.mil-9-'CXo r:*criSj Rtf ^/J^«J 
«D5R:)^«rS«?Wlci4tti«-a-, BiillB^iiiiJiaMtB^'OPi 
S:^5l§gi; r?.i'Vi'->*x'y FfBgi'N-y F^?fSCt:A^ 

40 [S®<Oia#'5:UiW] 



m 1 ] :$^^m^%^nmi&mm(o-fyy'>'x. y fibs 

-N-y F^cffl^/^6tlS5S!»)il?S^O^SIllSSI2IT•^*o 
[0 2] ifi<0^'i^xi'^O3|«m^lHlK^/n-riaT'fe 

So 

[0 3] esf[HlSSic7>7^-y^ff:'3'&A:^bfclS(Ofitl^<* 

gs^fi. (c) imii^iif^mt=sts&tfit.<omm^^ 

50 [0 4] coi:<J> • coi:<Og8^.«:7r:"r0T-feSo 
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[07] Etim<DT7s^i^ hit(om&^7ik'rmr*$>^o 

[1^9] 02 (a) (OllffilHlSSOSffi^Kj^:S«:?r>-r0T- 

[010] 1 {so-Y.v^'xi? ^omffismmss^Tf^-tsT' 
[011] mmmm(o^9^m c o i:£E;^^og»sa 

[012] 2|s:|t0^tC^^M 1 nmBmm(0^ y^v^x *y 
[013101 2<7D«fi!t*-gP2l1SUfc«jlg'e^-r¥® 

0*rfe^o 

[01 4] mmm,iSLif&nT^^=L3L'-^<om'^t^9 

[0151^1 mmmmm(o^>'^i^:^'y htii^^^y k 
<Dmj^yiii^7r>tmmmr^&K>. (a) — (d) ti«x 

[017] ^^mf^cgh^m2nmmmm(D^y^i^:^'^ 

[0 19] ^2^ffi5«5^<?>J<D-<Vi^5^x*v hfB^'^^y K 

[0 2 0] i^m^tmm(omW}mm(D-m^7jkrmr*& 

[02 1] *fiB>^<D-r V^i^'x'y hlBii'^'y K(Dp^::iX 
:^Xffi!Kj*/T^-r0r*»So 

[0 2 2] *56WO-f ViJ^t^x-y MBS^y KOB^S^ 

[0 2 3] *5g0>^^D-r>i!'S^x'v hfiBS-^*y Kom^S^ 
[0 2 4 ] V h «; ^X4^@B9>J^*y Kfrc:*3tt^t«*omm 

[02 5] ^fg^tcofe^sms^ssjeags^J^o^^^^*^'^ 

hlBS^^-y KtOffm7i7^iJi-:^7OTffifl^t^^^1"0 
[0 2 6] ||3^])6Jgffit?«l*OmmZi'f-:iX-:$^OffiS 

•rntCci:^ co<D^{t:^7i^-r0T*^^o 
[0 2 7] f^3^mBmm(OEEmTi7^zLX.-^(o&.m 

[0 2 8] ^^micgh^m4mmBmm<D^y^^^:^y 
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46 

[02 9] ^4*«Bm?ffiJorU*yi^''tii:ti:tb5(J*'^M 
^I*S^'r0T'fe'i>o 

[03 1] m4*S(HfgftgCtJO-<>';^^>*x'y hias^^'y H 

— «FiJ«:^-r0T'fe5o 
[03 2] ^-7.;bXSiJ{a7i^^«V>/c:^cD^x;^;^7. 

10 (omm^stmr^fcibom 2 o<ss0T'fe^o 

[03 3] E^iKcD@WjaRBi:tttB^teft«^J^ffiS'^M 

fl^^^T0Tfei>o 
[0 3 4] SejfcO-YV^^i^'x'y htfig-^'y YcoM^m^M 
;g:7fx"r»fS0Tfc^o 

[03 5] y^;l/^yX;l/S!><v^7*:^x«y hES^^y 

s*^S3S%7j^*r0T*fc«^o 

[0 3 6] '^hv^:^mnm<o-f>^i^x,^yhRm^y 

[0 3 73 /hHi±tBffl^OlE»lffi^mo-CiJJ&7r;-r0Tfe 

20 

[03 8] ;;<-7.;bX»r(IB?^S^^l/^/£:IRtO;>i-X*;^ 
[03 9] ^::iX;^XSibO|ga'J*£*^-^J (iE#/S 

^) 3^7T^-r0T*fcSo 

[0 4 0] :^^mcm^nmmmmvmm\.rcmW}mE. 
[04 1] *feB^fcfiss^]5is?e®PT-ffifflLfcffii!iiHia5 

[0 4 2] *Sg0^tc^.^-i'>i^>^x»y hlB^Se^O— ^ 

1 3 : yX;I/ 
1 4 : JE:^^ 

1 6 : ffWTi^^iX-^ 

2 9 : yX;l/yu— h 

3 8 : -r^i^:/— 
3 8a: iliiTL 

3 8b: ^1/^-;/—;^ 
3 9 : 
40 3 9 a: 35171 

3 9b: ^V^tit^K 

4 0 : h 
4 1 : mW)^ 

4 2 :EEBtt*4:/U-h 
4 3 : 

4 4 : IA«5grSx-y 
4 5 : 

4 6 : ^^^bA^^Xi^ 
4 7 :l57t"^X<> 
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[0 1] 
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[05] 



[06] 



3.5E-14 
3.0E-14 
2.6E-14 
^ 2.0E-14 
w 1.6E-14 
1.0E-14 
9.0E-19 



COEfOO 
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1.0E-19 
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5.0E-ie 



1.0E-17 0.0E400 
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CLAIMS 



[Claim(s)] 

[Claim 1] A nozzle, the pressure room which is open for free passage for this nozzle, and the diaphragm 
which forms a part of wall surface of this pressure room, By generating a pressure wave in the ink with 
which it had the electrostrictive actuator joined to said diaphragm so that it might correspond to said 
pressure room, and the oscillating element which consists of said diaphragm and said electrostrictive 
actuator deformed, and said pressure interior of a room was filled up The ink jet recording head 
characterized by being the ink jet recording head in which an ink droplet carries out the regurgitation 
from said nozzle, and the acoustic capacitance of said oscillating element being more than 2.0x10- 
20m5/N. 

[Claim 2] The ink jet recording head according to claim 1 characterized by setting the acoustic 
capacitance of said oscillating element below to 5.5x1 0-1 9m5/N. 

[Claim 3] The ink jet recording head according to claim 1 or 2 which answers the control of a driver 

voltage wave impressed to said oscillating element, and is characterized by the drop volume of the ink 

droplet which carries out the regurgitation from said nozzle changing to a multistage story. 

[Claim 4] An ink jet recording head given in claim 1 characterized by the maximum drop volume of the 

ink droplet breathed out from said nozzle being 15 or more pis thru/or any 1 term of 3. 

[Claim 5] The ink jet recording head according to claim 4 characterized by said driver voltage wave 

impressed at the time of the regurgitation of said ink droplet of 15 or more pis including the 1st 

electrical-potential-difference change process of impressing an electrical potential difference in the 

direction which shrinks the volume of said pressure room, and making an ink droplet breathing out, and 

the 2nd electrical-potential-difference change process of impressing an electrical potential difference in 

the direction which expands the volume of said pressure room. 

[Claim 6] An ink jet recording head given in claim 1 characterized by the minimum drop volume of the 
ink droplet breathed out from said nozzle being 4 or less pis thru/or any 1 term of 5. 
[Claim 7] The 1st electrical-potential-difference change process that said driver voltage wave impressed 
at the time of the regurgitation of said ink droplet of 4 or less pis impresses an electrical potential 
difference in the direction which expands the volume of said pressure room, It is characterized by 
including the 2nd electrical-potential-difference change process for impressing an electrical potential 
difference in the direction which compresses the volume of said pressure room, forming the liquid 
column of a path smaller than the diameter of opening of this nozzle in said nozzle, making an ink 
droplet separate from the head of this liquid column, and performing the regvu-gitation of a minute ink 
droplet. An ink jet recording head according to claim 6. 

[Claim 8] An Inkjet recording head given in claim 1 characterized by setting the aspect ratio in said 
pressure room and each flat-surface configuration of an electrostrictive actuator as abbreviation 1, 

respectively thru/or any 1 term of 7. 

[Claim 9] The ink jet recording head according to claim 8 which the flat-surface dimension (plane area) 
of said pressure room is set as 2 0.09-0.5mm, and is characterized by setting the thickness of said 
diaphragm and an electrostrictive actuator as 5-20 micrometers and 15-40 micrometers, respectively. 
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[Claim 10] An Inkjet recording head given in claim 1 to which the flat-surface configuration of said 
oscillating element is characterized by being an abbreviation equilateral triangle, an abbreviation square, 
an approximate regular hexagon, or an approximate circle form thru/or any 1 term of 9. 
[Claim 1 1] The oscillating element which has the flat-surface configuration of said abbreviation 
equilateral triangle, an abbreviation square, or an approximate regular hexagon is an ink jet recording 
head according to claim 10 characterized by forming a part for the joint of two sides each which adjoins 
mutually in the shape of a curve. 

[Claim 12] When width of face of delta and said electrostrictive actuator is set [ the width of face of said 
pressure room ] to Wp for the amount of location gaps of the core of W and said pressure room, and the 
core of the actuator of said electrostrictive actuator, they are degree type Wp<= (W-2delta) or Wp>= 
(W+2delta). 

An Inkjet recording head given in claim 8 characterized by being satisfied thru/or any 1 term of 1 1. 
[Claim 13] When width of face of delta and said electrostrictive actuator is set [ the width of face of said 
pressure room ] to Wp for the amount of location gaps of the core of W and said pressure room, and the 
core of the actuator of said electrostrictive actuator, it is degree type 0.9(W-2delta) <=Wp<= (W-2delta). 

An ink jet recording head given in claim 8 characterized by being satisfied thru/or any 1 term of 11. 
[Claim 14] An Inkjet recording head given in claim 1 characterized by setting up the acoustic 
capacitance of said oscillating element more greatly than the acoustic capacitance of said pressure room 
thru/or any 1 term of 13. 

[Claim 15] if the inertance of cc and said oscillating element is set [ the natural period of the pressure 
wave generated in said pressiwe interior of a room ] to mO for the synthetic acoustic capacitance of Tc, 
said oscillating element, and a pressure room - a degree type - mO<2,5xlO-4Tc2/cc [kg/m4] 
An Inkjet recording head given in claim 1 characterized by being satisfied thru/or any 1 term of 14. 
[Claim 16] An ink jet recording head given in claim 1 to which the ink droplet breathed out fi-om said 
nozzle is characterized by reaching the target on a record medium in the record resolution of 600 or less 
dpi thru/or any 1 term of 15. 

[Claim 17] An ink jet recording head given in claim 1 characterized by setting the natural period of the 
pressure wave generated in said pressure interior of a room as 15 or less microseconds thru/or any 1 
term of 16. 

[Claim 18] An Inkjet recording head given in claim 1 characterized by equipping said electrostrictive 
actuator with the actuator stationed to the field equivalent to said pressure room, the electrode pad 
section arranged to the field equivalent to the outer wall of said pressure room, and the bridge section 
which connects the both sides of said actuator and the electrode pad section thru/or any 1 term of 17. 
[Claim 19] The ink jet recording head according to claim 18 characterized by connecting said bridge 
section with the location distant fi-om the core of said actuator. 

[Claim 20] An Inkjet recording head given in claim 1 characterized by carrying out two-dimensional 
array of said nozzle to the shape of a matrix thru/or any 1 term of 19. 

[Claim 21] An Inkjet recording head given in claim 1 characterized by carrying out two-dimensional 
array of said pressure room and the oscillating element to the shape of a matrix thru/or any 1 term of 20. 
[Claim 22] The Inkjet recording head according to claim 21 characterized by arranging a dummy 
pattern so that the periphery section of the electrostrictive actuator field where two or more arrays of 
said electrostrictive actuator were carried out may be surrounded. 

[Claim 23] The Inkjet recording head according to claim 21 or 22 characterized by arranging said 
dummy pattern between said electrostrictive actuators in the interior of said electrostrictive actuator 
field. 

[Claim 24] the slot which encloses the perimeter of said electrostrictive actuator - having - the width of 
face of this slot - the perimeter of all electrostrictive actuators - abbreviation - an Inkjet recording 
head given in claim 21 characterized by similarly being set up thru/or any 1 term of 23. 
[Claim 25] An ink jet recording head given in claim 20 which it has the wiring substrate with which the 
signal line was formed, and this wiring substrate is arranged in a wrap location in the upper part of said 
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electrostrictive actuator by which two-dimensional array was carried out to the shape of a matrix, and is 
characterized by connecting said electrostrictive actuator and wiring substrate electrically through a 
bump thru/or any 1 term of 24. 

[Claim 26] The ink jet recording head according to claim 25 characterized by constituting said biunp 
with conductive core material and the jointing material for corrugated fibreboard which carried out the 
coat to the periphery section of this core material. 

[Claim 27] The ink jet recording head according to claim 26 characterized by forming said core material 
in the shape of a semi-sphere. 

[Claim 28] An ink jet recording head given in claim 25 characterized by said wiring substrate containing 
a resin base material and a metallic conductor thru/or any 1 term of 27. 

[Claim 29] An ink jet recording head given in claim 1 characterized by the member which forms said 
nozzle consisting of resin fihns thru/or any 1 term of 28. 

[Claim 30] The manufacture approach of the ink jet recording head which is the manufacture approach 
of manufacturing the ink jet recording head of a publication in claim 1 thru/or any 1 term of 29, and is 
characterized by carrying out patterning of said electrostrictive actuator by sandblasting processing. 
[Claim 31] The ink jet recording device characterized by equipping claim 1 thru/or any 1 term of 29 
with the ink jet recording head of a pubhcation. 

[Claim 32] A nozzle, the pressure room which is open for free passage for this nozzle, and the 
diaphragm which forms a part of wall surface of this pressure room. By compressing the ink with which 
it had the electrostrictive actuator joined to said diaphragm so that it might correspond to said pressure 
room, and the oscillating element which consists of said diaphragm and said electrostrictive actuator 
deformed, and said pressure interior of a room was filled up In the actuation approach of driving the ink 
jet recording head in which an ink droplet carries out the regurgitation from said nozzle The 1st 
electrical-potential-difference change process of setting up the acoustic capacitance of said oscillating 
element more than 2.0x1 0-20m5/N, impressing an electrical potential difference in the direction which 
makes said oscillating element contracting the volume of said pressure room, and making an ink droplet 
breathing out. The actuation approach of the ink jet recording head characterized by carrying out the 
regurgitation of the ink droplet of 15 or more pis by impressing a driver voltage wave including the 2nd 
electrical-potential-difference change process of impressing an electrical potential difference in the 
direction which expands the volume of said pressure room. 

[Claim 33] A nozzle, the pressure room which is open for free passage for this nozzle, and the 
diaphragm which forms a part of wall surface of this pressure room. By compressing the ink with which 
it had the electrostrictive actuator joined to said diaphragm so that it might correspond to said pressure 
room, and the oscillating element which consists of said diaphragm and said electrostrictive actuator 
deformed, and said pressure interior of a room was filled up In the actuation approach of driving the ink 
jet recording head in which an ink droplet carries out the regurgitation from said nozzle The 1st 
electrical-potential-difference change process of impressing an electrical potential difference in the 
direction which the acoustic capacitance of said oscillating element is set [ direction ] to more than 
2.0xlO-20m5/N and below 5.5xlO-19m5-/N, and expands the volume of said pressure room to said 
oscillating element. By impressing an electrical potential difference in the direction which compresses 
the volume of said pressure room, and impressing a driver voltage wave including the 2nd electrical- 
potential-difference change process for forming the liquid column of a path smaller than the diameter of 
opening of this nozzle in said nozzle, making an ink droplet separate from the head of this Hquid 
column, and performing the regurgitation of a minute ink droplet The actuation approach of the ink jet 
recording head characterized by carrying out the regurgitation of the ink droplet of 4 or less pis. 
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DETAILED DESCRIPTION 



[Detailed Description of the Invention] 
[0001] 

[Field of the Invention] This invention relates to the ink jet recording device which equipped with such 
an ink jet recording head the manufacture approach of an ink jet recording head and such an ink jet 
recording head of performing record of an alphabetic character or an image by the ink droplet which 
carries out the regurgitation and the actuation approach, and the list. 
[0002] 

[Description of the Prior Art] In recent years, very small [ the noise at the time of record ], the non 
impact recording method is attracting the interest at the point in which high-speed record is possible, and 
the ink jet printer which used the ink jet recording method also in it has spread widely. Such an ink jet 
printer makes an ink droplet fly from a recording head, is made to adhere to the recording paper, is 
equipped with the configuration which prints an alphabetic character, a graphic form, a photograph, etc. 
at high speed, and it can record it, without performing fixation processing special to a regular paper etc. 
The drop on-demand mold ink jet method which carries out the regurgitation of the ink droplet from the 
nozzle which is open for free passage in a pressure room by making the pressure room where it filled up 
with ink generate a pressure wave (acoustic wave), using electromechanical transducers, such as an 
electrostrictive actuator, as the above-mentioned ink jet recording method is learned. 
[0003] The ink jet recording head which adopted the drop on-demand mold ink jet method is indicated 
by JP,53-12138,B, JP,10-193587,A, etc. Drawing 34 is the sectional view showing the recording head of 
the ink jet recording device indicated by these official reports. This ink jet recording device is equipped 
with the pressure room 51, the nozzle 52 which is open for free passage in the pressure room 51, the ink 
supply way 54 to which ink is led from an ink tank through the common passage 53, and the diaphragm 
55 fixed to the base of the pressure room 5 1 . 

[0004] With the above-mentioned ink jet recording apparatus, a pressure wave is generated in the 
pressure room 51 by carrying out the variation rate (bending deformation) of the diaphragm 55, and 
producing volume change in the pressure room 51 by the electrostrictive actuator 56 prepared in the 
pressure room 51 exteriors, at the time of expulsion of an ink droplet. By this pressure wave, it is 
injected outside through a nozzle 52, and some ink with which it fills up in the pressure room 51 serves 
as an ink droplet 57, and it flies. The ink droplet which flew reaches the target on record media, such as 
the recording paper, and forms a record dot Q)ixel). By performing formation actuation of such a record 
dot repeatedly based on image data, an alphabetic character and an image are recorded on a record 
medium. 

[0005] In the ink jet recording device of the above-mentioned drop mold on demand, there is a request 
of reconciling high-speed record and high-definition record. However, in the conventional ink jet 
recording device, it was very difficult to be compatible in high-speed record and high-definition record. 
For example, if resolution is low stopped for implementation of high-speed record, good image quality 
will be spoiled, and the request of the both sides of high-speed record and high-definition record has the 
relation of a trade-off as high-speed record will be barred, if resolution is highly set as reverse for 
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implementation of high-definition record. 

[0006] Here, conditions required in order to reconcile the both sides of "high-speed record" and "high- 
definition record" with the above-mentioned ink jet recording device are explained. That is, when 
realizing "high-speed record", two, lowering of** record resolution and increment (nozzle increased 
density) ** of the number of** nozzles, become important conditions especially. 
[0007] If "lowering of record resolution" of the above-mentioned condition ** is realized, since an unit 
area is recordable by few ink droplets, the time amount which record takes can be shortened. For 
example, in the case of 300dpi, if the record resolution of 300dpi (dots per inch) and the record 
resolution of 1200dpi are measured, the number of dots required to record the same area will become 
1/16 [ in the case of 1200dpi ]. Here, if it assumes that the firequency (drive fi-equency) of expulsion of 
an ink droplet is the same, the direction in the case of recording by 300dpi will become possible 
[ increasing a recording rate by about 16 times ]. 

[0008] However, since image quality will deteriorate if record resolution is set up low, there is a 
minimum in reduction of record resolution. If it thinks fi-om human being's vision property, in order to 
realize high-speed record, without spoiling image quality (quaUty of an alphabetic character or a line 
drawing), it is optimal to set up record resolution within the limits of 300 - 600dpi (however, 1 dots per 
inch = 39.37 dots/(meter)) extent. That is, the direction set as record resolution lower than the record 
resolution (700 - 2400dpi) of the ink jet recording device used for a current general target is 
advantageous when raising a recording rate. However, in order to set up record resolution low, it is 
necessary to realize the regurgitation of a big ink droplet according to it. 

[0009] That is, in order to form the big dot corresponding to the high-speed record performed in low 
record resolution, the regurgitation of the ink droplet with the big drop volume must be carried out. 
Although the relation between record resolution and the necessary drop volume changes with ink and 
the record paper types to be used somewhat, in order to obtain record concentration sufficient in the 
record resolution of 300 - 600dpi, in the case of the common ink and the common record form which are 
used with the conventional ink jet recording device, the ink droplet volume of 15-30pl (pico liter) is 
needed (however, a Ipico liter = ten to 15 m3). This is 1.5 to 3 times the value of the ink droplet volume 
(about 10 pl(s)) needed by record resolution 1200dpi. 

[0010] Moreover, in order to make a recording rate increase, said condition ** needs "to be increased by 
the number of nozzles." The number of dots which can be formed in per unit time amount increases, and 
a recording rate improves, so that there are many nozzles. Therefore, in the usual ink jet recording 
apparatus, many recording heads of the multi-nozzle mold which connected two or more ink 
regurgitation devices (ejector) mentioned above are used. 

[001 1] The recording head of the above-mentioned multi-nozzle mold is shown in drawing 35 . In this 
recording head, the ink tank 67 has connected with the common passage 63, and two or more pressure 
rooms 61 are connected with this common passage 63 through the ink supply way (not shown). Thus, 
the number of ejectors (the number of nozzles) can be increased to about 30-100 pieces by considering 
as the head structure of arranging an ejector 68 in one dimension to the common passage 63. 
[0012] Moreover, the ink jet recording head (it is hereafter called a matrix-like array head) which 
considered as the head structure which can increase the number of ejectors fiirther, and carried out two- 
dimensional array of the ejector to the shape of a matrix is indicated by for example, JP, 1-208 146, A, the 
Patent Publication Heisei No. 508808 [ ten to ] official report, etc. The matrix-like array head indicated 
by drawing 36 at these official reports is shown. With this matrix-like array head, common passage 
consists of the mainstream way 73 and the branching passage 78, and two or more ejectors 79 are 
connected to each of the branching passage 78. Such matrix-like array head structure is very 
advantageous to the increment in the number of ejectors (the number of nozzles). For example, 260 
ejectors can be made to arrange, if the number of the branching passage 78 is made into 26 and it 
connects ten ejectors to each branching passage 78 at a time. In addition, 36 ejectors are displayed in 
drawing 36 . 

[0013] As mentioned above, although the matrix-like array head is advantageous to the increment in the 
number of nozzles, if the array consistency of a pressure room is not set up highly, the size of the whole 
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recording head will increase, buildup of a head manufacturing cost, buildup of equipment size, or head 
mileage between services will increase, and the various problems of a recording rate falling will be 
caused. That is, the technical problem of making the number of nozzles increase by the ink jet recording 
head is how to be able to arrange many nozzles in a fixed area, that is, is transposed to the technical 
problem how a nozzle consistency can be increased. With a matrix-like array head as shown in drawing 
36 , in order to make the array consistency of an ejector increase, it becomes an important technical 
problem to set up the size of a pressure room small. 

[0014] It is desirable to, set up the path of the ink droplet which carries out the regurgitation on the other 
hand, as small as possible, in order for an ink jet recording device to realize "high image recording." In 
outputting a photograph especially, in order that the granular feeling of the highlights section (low 
concentration section) may influence image quahty greatly, it is desirable to record the highlights 
section by the very small ink droplet. From the resolution of human being's eye, if the diameter of a dot 
is set to 40 micrometers or less, the granular feeling of an image will fall substantially, and since it will 
become difficult to carry out visual recognition of each dot if set to 30 more micrometers or less, image 
quality improves by leaps and bounds. Therefore, in the highlights section of an image, it must be 
desirable to realize the small dot of 30 micrometers or less of diameters, and, for that purpose, it must 
realize the regurgitation of the minute drop of 2 - 4pl extent. 

[0015] The actuation approach for performing the minute drop regurgitation by the ink jet recording 
head is indicated by JP,55-17589,A. By the actuation approach given in this official report, a pressure 
room is once expanded just before the regxirgitation, and the regurgitation of an ink droplet is performed 
fi"om the condition which drew the meniscus of nozzle opening in the pressure room side. An example of 
an actuation wave used by this kind of the actuation approach is shown in drawing 37 . This actuation 
wave is constituted including the electrical-potential-difference change process 83 for expanding a 
pressure room, and the electrical-potential-difference change process 84 for compressing a pressure 
room subsequently and performing the regurgitation of an ink droplet. 

[0016] Drawing 38 is the sectional view having shown typically the motion of the meniscus 92 in 
opening of the nozzle 91 at the time of impressing the actuation wave of drawing 37 . If the electrical- 
potential-difference change process 83 shown in dravying 37 is answered and a pressm-e room begins to 
expand although the meniscus 92 is carrying out the flat configuration by the initial state as shown in 
drawing 38 (a), when the center section of a meniscus 92 retreats more greatly than a periphery, a 
meniscus 92 will serve as a concave bend side configuration as shown in drawing 38 (b). 
[0017] If the electrical-potential-difference change process 84 shown in drawing 37 is answered and a 
pressure room starts compression fi:om the condition that the concave bend side meniscus 92 of the 
above was formed, as shown in drawing 38 (c), the thin liquid column 93 is formed in the center section 
of a meniscus 92, as fiirther shown in drav^g 38 (d), the point of a liquid column 93 will dissociate and 
an ink droplet 94 will be formed. The ink drop diameter at this time is almost equal to the size of the 
formed liquid column 93, and smaller than the diameter of a nozzle. That is, the regurgitation of the ink 
droplet 94 smaller than the diameter of a nozzle can be carried out by using such an actuation approach. 
As mentioned above, the thing of the actuation approach which controls the meniscus configuration in 
fi'ont of the regurgitation, and performs the minute drop regurgitation is hereafter called a "meniscus 
control system" on these descriptions. 

[0018] As stated above, in order to realize "high-speed record" by the ink jet recording head of a drop 
mold on demand, the "large drop regurgitation" which enables low resolution record, and the "nozzle 
increased density" which enables the increment in the number of nozzles are required. On the other 
hand, in order to realize high-definition record, the "globule regurgitation" which enables granular 
feeling reduction of the highlights section is needed. Therefore, in order to reconcile the both sides of 
"high-speed record" and "high-definition record" by one recording head, it is necessary to satisfy 
simultaneously three conditions, the "large drop regurgitation", "nozzle increased density", and the 
"globule regurgitation." 
[0019] 

[Problem(s) to be Solved by the Invention] However, it is very difficult in the conventional ink jet 
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recording head to satisfy simultaneously all the "globule regurgitation" for realizing high-definition 
record in the "large drop regurgitation" for realizing high-speed record and "nozzle increased density", 
and a list. 

[0020] Moreover, the unusual oscillation occurred in the meniscus at the time of expulsion of an ink 
droplet as another trouble in the conventional ink jet recording head, and there was a problem that the 
regurgitation phenomenon of an ink droplet destabilized. About the mechanism which an unusual 
meniscus oscillation generates, conventionally, no detailed examination is made and the prevention 
approach is not clarified, either. Below, it explains in accordance with the examination result by this 
invention persons. 

[0021] Drawing 39 is a graph which shows an example of the observation of the meniscus oscillation 
observed by laser-doppler measurement, (a) is shown and (b) always [ forward ] shows the time of 
abnormalities, respectively. To originally a meniscus oscillation as shown in drawing 39 (a) being 
obtained, as shown in drav^ng 39 (b), the detailed oscillation was overlapped on the meniscus 
oscillation observed actually. If such a detailed oscillation is overlapped on a meniscus, the regurgitation 
of an ink droplet will become instability dramatically. In order to perform the regurgitation of a minute 
drop using oil-level interference of a meniscus, when the above-mentioned detailed oscillation is 
overlapped on a meniscus oscillation, it becomes impossible to expect the normal minute drop 
regurgitation - the regurgitation of a minute drop becomes impossible or an unnecessary ink droplet is 
breathed out by reverse - especially in the meniscus control system mentioned above. 
[0022] This invention aims at providing with the manufacture approach of an ink jet recording head, and 
the actuation approach the ink jet recording apparatus which carried the ink jet recording head which can 
be made to be able to breathe out the "large drop" of necessary size from the same nozzle, and can 
reahze "nozzle increased density", and can raise the expulsion-of-an-ink-droplet effectiveness per unit 
area, and such an ink jet recording head, and a list, avoiding enlargement and a cost rise of head size in 
view of the above. 

[0023] Moreover, this invention makes the both sides of the "large drop" of necessary size, and a 
"globule" breathe out selectively from the same nozzle, and aims at offering the ink jet recording head 
which enables coexistence of high-speed record and high-definition record. Further, this invention 
prevents the shimmy of a meniscus and aims at realizing an Inkjet recording head with high 
regurgitation stabiUty. 
[0024] 

[Means for Solving the Problem] Although it is very difficult to be sunultaneously satisfied with the 
conventional ink jet recording head of three conditions of "nozzle increased density" in addition to 
implementation of the "large drop regurgitation" from the same nozzle, and the "globule regurgitation", 
an example is explained below, citing the reason. First, considering the "large drop regurgitation", the 
volume of the maximum ink droplet which can carry out the regurgitation in an Inkjet recording head is 
mostly in agreement with volume variation (excluded volume) deltaV which generates a pressure room 
so that it may mention later (refer to formula (2)). That is, it is necessary to make the pressure interior of 
a room generate a volume change abnost equivalent to the ink droplet which carries out the 
regurgitation. Therefore, in order to obtain the big drop volume, it is necessary to increase the actuation 
area (area of base of a pressure room) of an electrostrictive actuator, and to increase deltaV. 
[0025] For example, when the amount of displacement of an electrostrictive actuator is set to 0.1 
micrometers, the regurgitation of drop volume lOpl can be performed in about two 1x10 to 7 m 
actuation area, but when you are going to make it increase the drop volimie to 20pl(s), a twice [ about ] 
as many actuation area (2x10 to 7 m2) as this is needed, consequently, the number of nozzles per unit 
area (nozzle consistency) - about - it will decrease to one half. That is, if low resolution record tends to 
be realized and it is going to enlarge the drop volume for high-speed record, the size of a pressure room 
will increase and a nozzle consistency will fall as the result. Thus, since the "large drop regurgitation" 
and "nozzle increased density" have tiie relation of a trade-off, it is very difficult to realize 
simultaneously low resolution record and the increment in the number of nozzles (nozzle increased 
density). 
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[0026] Next, the "globule regurgitation" is considered. Since it is shown below in order for a meniscus 
control system to perform the minute drop regurgitation, it is necessary to set up short the natural period 
Tc of the pressure wave which the pressure interior of a room is made to generate. That is, with a 
meniscus control system, as drawing 38 explained, after drawing a meniscus 92 in a pressure room side 
first and making a meniscus 92 into a concave bend configuration, the thin liquid column 93 is formed 
by extruding a meniscus 92 toward a nozzle outside. It was shown clearly that the size of the liquid 
column which this invention persons examine the formation mechanism of a liquid column 93 in a 
detail, consequently is formed is dependent on the oil-level rate at the time of extruding a meniscus. 
[0027] Drawing 32 is the sectional view having shown typically the behavior of the meniscus at the time 
of using a meniscus control system. Namely, if a pressure is appUed in the direction extruded outside to 
the meniscus 92 of a concave bend side configuration, each part of a meniscus 92 tends to move in the 
direction of a normal of an oil level, as shown in drawing 32 (a). Consequently, a lot of ink focuses on a 
nozzle center section, and a liquid column 93 is formed in the center section of the nozzle 91 of this 
local increment in the volume. Since the increment rate in the volume in a nozzle center section also 
becomes large at this time so that the passing speed of an oil level is quick, the very thin liquid column 
93 is formed with a quick growth rate. On the contrary, since the rate of the increment in the volume 
also becomes small as shown in drawing 32 (b) when the passing speed of an oil level is slow, a liquid 
column 93 becomes thick and a growth rate becomes small. 

[0028] The drop diameter of the ink droplet 94 breathed out with a meniscus control system is mostly in 
agreement with the size of the liquid column 93 formed. Moreover, the flight rate (drop speed) of an ink 
droplet is mostly in agreement with the growth rate of a liquid column 93. Therefore, in order to make 
the minute ink droplet 94 fly at high speed, the above-mentioned oil-level passing speed is made to 
increase, and it becomes important conditions to produce the rapid increment in the volume in the nozzle 
center section. Here, the natural period Tc of a pressure wave is governing oil-level passing speed. That 
is, the velocity of vibration of the meniscus 92 at the time of expulsion of an ink droplet is dependent on 
the natural period Tc of a pressure wave, and it increases, so that a natural period Tc is short, the 
velocity of vibration, i.e., the oil-level passing speed, of a meniscus. Therefore, when carrying out the 
regurgitation of the minute drop with a meniscus control system, it becomes so advantageous that the 
natural period Tc of a pressure wave is short. 

[0029] Drawing 33 is a graph which indicates the result of having investigated relation with the natural 
period Tc of a pressure wave to be the minimum drop diameter acquired with a meniscus control system. 
This graph shows that the minimum drop diameter decreases, so that a natural period becomes short. 
Although it is dependent on the diameter of a nozzle, ink viscosity, etc., the minimum ink droplet 
volume obtained needs to set a natural period Tc as 12 or less microseconds still more desirably 15 or 
less microseconds by the general ink jet recording head whose viscosity of the ink which the diameter of 
a nozzle is 20-30 micrometers, and uses is 2-5cps, in order to make possible the regxirgitation [ the 
minute drop of 2-4pl suitable for high-definition record ]. 

[0030] However, the "large drop regurgitation" and reciprocity relation which were described previously 
have reduction of a natural period Tc. That is, if the size of a pressure room is greatly set up in order to 
realize the "large drop regurgitation", the natural period of a pressure wave will become very long. This 
is because a natural period Tc becomes long depending on the acoustic capacitance sum (cO+cl) of a 
pressure room and an oscillating element (diaphragm + electrostrictive actuator) with the big pressure 
room and big oscillating element of size suitable for the "large drop regurgitation" as for the natural 
period Tc of a pressure wave. For example, although it is easy to realize the ink jet recording head 
whose large drop volume is lOpl(s) and whose natural period is 10 microseconds, if it is going to 
increase the large drop volume to 20pl(s), a natural period Tc will be set to about 20 twice [ about ] as 
many microseconds as this. 

[0031] Then, this invention persons receive having performed adjustment of the drop volume and a 
natural period Tc conventionally, combining the parameter of a large number in connection with head 
structure by trial and error. In the ink jet recording head using the electrostrictive actuator which bends 
and deforms fi-om various experimental results That the substantial parameter which governs the drop 
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volume and a natural period Tc is only the acoustic capacitance of an oscillating element by specifying 
the range where the acoustic capacitance of a header and an oscillating element is proper It came to 
invent this invention which reahzes coexistence and "nozzle increased density" of the "large drop 
regurgitation" of necessary size, and the "globule regurgitation." 

[0032] In order to attain the above-mentioned object, the ink jet recording head concerning this 
invention A nozzle, the pressure room which is open for free passage for this nozzle, and the diaphragm 
which forms a part of wall siu-face of this pressure room, By generating a pressure wave in the ink with 
which it had the electrostrictive actuator joined to said diaphragm so that it might correspond to said 
pressure room, and the oscillating element which consists of said diaphragm and said electrostrictive 
actuator deformed, and said pressure interior of a room was filled up It is the ink jet recording head in 
which an ink droplet carries out the regurgitation from said nozzle, and acoustic capacitance of said 
oscillating element is characterized by being more than 2.0xlO-20m5/N. 

[0033] The acoustic capacitance (cO) of an oscillating element is a parameter showing the rigidity of an 
oscillating element, an oscillating element tends to bend, namely, that cO is large means that it is easy to 
generate the big excluded volume of a pressure room. The value of various experimental results and 
structural-analysis results which are mentioned later to 2.0x1 0-20m5/N can be said to be the value 
optimal as a lower limit of acoustic capacitance cO from a viewpoint that the regurgitation of the "large 
drop" of 15 or more pis required for low resolution record of 600 or less dpi is realizable. 
[0034] For example, characterization was carried out to each about the example which changed 
variously thickness tp of an electrostrictive actuator, the thickness tv of a diaphragm, and the pressure 
room width of face W. Consequently, acoustic capacitance cO >=2.0xl0-20[m5/N] 
although the regurgitation of the "large drop" of 15 or more pis was able to be carried out under ****** 
- acoustic capacitance c - 0< 2.0x10-20 [m5/N] 

Under ******, the regurgitation of the "large drop" of 15 or more pis could not be carried out, and 
sufficient image concentration was not able to be obtained. 

[0035] That is, in this invention, by having specified the acoustic capacitance cO of an oscillating 
element more than 2.0x1 0-20m5/N, the excluded volume of 15 or more pis by the oscillating element 
can be obtained, and the regurgitation of the large drop of 15 or more pis can be carried out from one 
nozzle. 

[0036] It is desirable to set the upper limit of the acoustic capacitance of an oscillating element as 
5.5xlO-19m5/N in the desirable ink jet recording head of this invention. Although this invention persons 
could realize the "large drop regurgitation" by setting acoustic capacitance cO as the value more than 
2.0x1 0-20m5/N, when acoustic capacitance cO was too large, the natural period of the pressure wave 
generated in the pressure interior of a room increased, and they confirmed that the evil of it becoming 
impossible to perform the "globule regurgitation" occurred. And based on the various experimental 
results mentioned later, it hit on an idea by setting the upper limit of acoustic capacitance cO as 5.5x10- 
19m5/N to prevent generating of the above-mentioned evil. 

[0037] For example, although the "large drop" of 15 or more pis was able to carry out the regurgitation 
when the regurgitation experiment was conducted under the conditions of acoustic capacitance 
c0>5.5xl0-19m5/N, the regurgitation of the "globule" of 4 or less pis was not able to be carried out. In 
order to secure large drop volume of 15 or more pis and to obtain globule volume of 4 or less pis from 
this result, it checked that it was optimal to set the acoustic capacitance cO of an oscillating element to 
more than 2.0xlO-20m5/N and below 5.5x10- 19m5/N. 

[0038] In the desirable ink jet recording head of this invention, the control of a driver voltage wave 
impressed to said oscillating element is answered, and the drop volume of the ink droplet which carries 
out the regurgitation from said nozzle changes to a multistage story. In this case, since the low resolution 
record by the large drop and the high-definition record by the globule are simultaneously realizable, the 
effectiveness that it is compatible in high-speed record and high-definition record is acquired. 
[0039] Moreover, it is desirable that the maximum drop volume of the ink droplet which carries out the 
regurgitation from said nozzle is set as 15 or more pis. In this case, since it becomes possible to set 
record resolution as 600 or less dpi, the effectiveness that a recording rate can be increased is acquired. 
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The driver voltage wave impressed at the time of the regurgitation of the ink droplet of 15 or more pis 
should be constituted including at least the 1st electrical-potential-difference change process of 
impressing an electrical potential difference in the direction which shrinks the volume of said pressure 
room, and making an ink droplet breathing out, and the 2nd electrical-potential-difference change 
process of impressing an electrical potential difference in the direction which expands the volume of 
said pressure room. 

[0040] Or it is also a desirable mode that the minimum drop volume of the ink droplet breathed out from 
said nozzle is 4 or less pis. In this case, in the highlights section, the low smooth image recording of 
graininess becomes possible, and the effectiveness that high-definition record is realizable is acquired. 
The driver voltage wave impressed at the time of the regurgitation of the ink droplet of 4 or less pis The 
1st electrical-potential-difference change process of impressing an electrical potential difference in the 
direction which expands the volume of said pressure room, By forming the liquid column which 
impresses an electrical potential difference in the direction which compresses the volume of said 
pressure room, and has a path smaller than the diameter of opening of said nozzle in said nozzle, and 
making an ink droplet separate from the head of this liquid colunm It should constitute including the 2nd 
electrical-potential-difference change process for performing the regurgitation of a minute ink droplet at 
least. 

[0041] Furthermore, the aspect ratio m said pressure room and each flat-surface configuration of an 
electrostrictive actuator is preferably set as abbreviation 1, respectively. The "aspect ratio" in this 
invention means the ratio of the longest width of face in the flat-surface configxuration of an oscillating 
element, and the shortest width of face. If an aspect ratio is set as abbreviation 1, the regurgitation 
effectiveness per unit area can be maximized and it will become possible to realize an ink jet recording 
head with a high nozzle consistency. As a flat-surface configuration of an oscillating element, it can 
choose any of an abbreviation equilateral triangle, an abbreviation square, an approximate regular 
hexagon, and an approximate circle form they are. 

[0042] It is desirable to set the flat-surface dimension (plane area) of a pressure room as 2 0.09-0.5mm, 
and to set the thickness of a diaphragm and an electrostrictive actuator as 5-20 micrometers and 15-40 
micrometers here, respectively. Thereby, in the ink jet recording head in which an aspect ratio has the 
pressure room of abbreviation 1, the acoustic capacitance cO of an oscillating element can be set to more 
than 2.0x1 0-20m5-/N and below 5.5xlO-19m5-/N, and the effectiveness that it is compatible in the 
"large drop regurgitation" and the "globule regurgitation" is acquired. 

[0043] Here, as for the acoustic capacitance of an oscillating element, it is desirable to be set up more 
greatly than the acoustic capacitance of a pressure room. In this case, the shimmy of a meniscus can be 
controlled, an oscillation of a meniscus can be normalized and the effectiveness that the stability of 
expulsion of an ink droplet can be improved can be acquired. 

[0044] moreover - if the inertance of cc and said oscillating element is set [ the natural period of the 
pressure wave generated in said pressure interior of a room ] to mO for the synthetic acoustic capacitance 
of Tc, said oscillating element, and a pressure room - a degree type - mO<2.5xlO-4Tc2/cc [kg/m4] 
It is a desirable mode that it is also satisfied. Excitation of the vibration system which is inherent in an 
Inkjet recording head can be controlled by this, the effect of the above-mentioned meniscus shimmy can 
be controlled further, and it becomes possible to realize the ink jet recording head excellent in 
regurgitation stability. 

[0045] When width of face of delta and said electrostrictive actuator is set [ the width of face of said 
pressure room ] to Wp for the amount of location gaps of the core of W and said pressure room, and the 
core of the actuator of said electrostrictive actuator, they are degree type Wp<= (W-2delta) or Wp>= 
(W+2delta). 

It is desirable that it is satisfied. In this case, the support condition of an electrostrictive actuator edge 
becomes always fixed, and the robustness (insensibility) over a location gap of an electrostrictive 
actuator improves. 

[0046] Moreover, when width of face of delta and said electrostrictive actuator is set [ the width of face 
of said pressure room ] to Wp for the amount of location gaps of the core of W and said pressxire room, 
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and the core of the actuator of said electrostrictive actuator, it is degree type 0,9(W-2delta) <=Wp<= 
(W-2delta). 

It is a desirable mode that it is also satisfied. Thereby, even when junction location gap occurs between 
an electrostrictive actuator and a pressure room, it can prevent that the big change in regurgitation 
effectiveness arises, and it becomes possible to secure still higher regurgitation effectiveness. 
[0047] It is desirable that the ink droplet breathed out from said nozzle reaches the target on a record 
medium in the record resolution of 600 or less dpi. In this case, since quahty, such as an alphabetic 
character recorded, is also securable while the number of dots which is needed for record can be 
lessened and it becomes advantageous to high-speed record, the effectiveness that coexistence of high- 
speed record and high-definition record is attained is acquired. Moreover, it is also a desirable mode that 
the natural period Tc of the pressure wave generated in said pressure interior of a room is set as 15 or 
less microseconds. In this case, it becomes possible to carry out the regurgitation of the small ink droplet 
of a path with a meniscus control system, and the effectiveness that image quahty can be improved is 
acquired in the output of a photograph etc. 

[0048] Moreover, it is also a desirable mode that said electrostrictive actuator is equipped with the 
actuator stationed to the field equivalent to said pressure room, the electrode pad section arranged to the 
field equivalent to the outer wall of said pressure room, and the bridge section which connects the both 
sides of said actuator and said electrode pad section. The phenomenon in which deformation of an 
elecfrostrictive actuator is barred by the electrode pad section can be controlled by this, and it becomes 
possible to realize an ink jet recording head with high regurgitation effectiveness. If said bridge section 
is connected with the location distant from the core of said actuator, the restraint over deformation of 
said actuator can be minimized and the efifectiveness that the regurgitation effectiveness of a head can be 
increased can be acquired. 

[0049] Moreover, it is also a desirable mode that two-dimensional array of said nozzle is carried out to 
the shape of a matrix. In this case, since it becomes possible to increase the number of nozzles m a head, 
the effectiveness that a recording rate can be increased substantially is acquired. 
[0050] A dummy pattem is arranged so that the periphery section of the electrostrictive actuator field 
where two or more arrays of the electrostrictive actuator were carried out may be surrounded preferably. 
Thereby, in case an electrostrictive actuator is processed by the sandblasting processing method, 
aggravation of the process tolerance resulting from side etching can be prevented, and the effectiveness 
that an ink jet recording head with the high homogeneity of a regurgitation property is realizable is 
acquired. A dummy pattem can be arranged also between the electrostrictive actuators in the interior of 
an electrostrictive actuator field. In this case, the effectiveness that the effect of the above-mentioned 
side etching can be controlled further is acquired. 

[0051] In the desirable ink jet recording head of this invention, it has the v^ring substrate with which the 
signal line was formed, this wiring substrate is arranged in a wrap location in the upper part of said 
electrostrictive actuator by which matrix arrangement was carried out two-dimensional, and said 
electrostrictive actuator and said wiring substrate are electrically connected through the bump. Thereby, 
also in the matrix-like array head which carried out the high density array, positive electrical connection 
becomes possible to each electrostrictive actuator. That is, since a signal line can be arranged to a plane 
different from an oscillating element, arrangement of a signal line does not spoil the high density array 
of a pressure room, and the high density array of a pressure room is attained. 
[0052] Moreover, it is desirable that said bump is constituted with conductive core material and the 
jointing material for corrugated fibreboard which carried out the coat to the periphery section of this 
core material. In this case, since it becomes possible to form a gap between an electrostrictive actuator 
and a wiring substrate after electrical connection, the poor property of the electrostrictive actuator 
resulting from contact to an electrostrictive actuator and a wiring substrate can be prevented, and a 
rehable Inkjet recording head can be realized. Furthermore, it is desirable that said core material is 
formed in the shape of a semi-sphere. In this case, the contact condition of an electrostrictive actuator 
and a bump can be equalized, and while the stable electrical connection becomes possible, the 
effectiveness that destruction of the electrostrictive actuator at the time of electrical connection can be 
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prevented is acquired. As for said wiring substrate, it is desirable that a resin base material and a metallic 
conductor are included. In this case, the contact condition of an electrostrictive actuator and a bump can 
be equalized further, 

[0053] The manufacture approach of the Inkjet recording head conceming this invention is the 
manufacture approach of manufacturing said Inkjet recording head, and is characterized by carrying out 
patterning by sandblasting processing of said electrostrictive actuator. 

[0054] By the manufacture approach of the Inkjet recording head conceming this invention, since 
patteming of an electrostrictive actuator is performed by sandblasting processing, the electrostrictive 
actuator of a compUcated configuration suitable for maximization and electrical coimection of 
regurgitation effectiveness is realizable with close dimensional accuracy and a low manufacturing cost. 
[0055] The Inkjet recording apparatus conceming this invention is characterized by having said Inkjet 
recording head. According to such an Inkjet recording apparatus, an Inkjet recording apparatus 
compatible in a high recording rate and high drawing quality is realizable. 

[0056] The actuation approach of the Inkjet recording head of the 1st view conceming this invention A 
nozzle, the pressure room which is open for free passage for this nozzle, and the diaphragm which forms 
a part of wall surface of this pressure room, By compressing the ink with which it had the 
electrostrictive actuator joined to said diaphragm so that it might correspond to said pressure room, and 
the oscillating element which consists of said diaphragm and said electrostrictive actuator deformed, and 
said pressure interior of a room was filled up In the actuation approach of driving the ink jet recording 
head in which an ink droplet carries out the regurgitation fi-om said nozzle The 1st electrical-potential- 
difference change process of setting up the acoustic capacitance of said oscillating element more than 
2.0x1 0-20m5/N, impressing an electrical potential difference in the direction which makes said 
oscillating element contracting the volume of said pressure room, and making an ink droplet breathing 
out. It is characterized by carrying out the regurgitation of the ink droplet of 15 or more pis by 
impressing a driver voltage wave including the 2nd electrical-potential-difference change process of 
impressing an electrical potential difference in the direction which expands the volume of said pressure 
room. 

[0057] By the actuation approach of the ink jet recording head of the 1st view of this invention, the 
effectiveness that the regurgitation of an ink droplet with the big drop volume which is needed for low 
resolution record of 600 or less dpi is realizable good is acquired. 

[0058] The actuation approach of the ink jet recording head of the 2nd view conceming this invention A 
nozzle, the pressure room which is open for fi-ee passage for this nozzle, and the diaphragm which forms 
a part of wall surface of this pressure room, By compressing the ink with which it had the 
electrostrictive actuator joined to said diaphragm so that it might correspond to said pressure room, and 
the oscillating element which consists of said diaphragm and said electrostrictive actuator deformed, and 
said pressure interior of a room was filled up In the actuation approach of driving the Inkjet recording 
head in which an ink droplet carries out the regurgitation fi-om said nozzle The 1st electrical-potential- 
difference change process of impressing an electrical potential difference in the direction which the 
acoustic capacitance of said oscillating element is set [ direction ] to more than 2.0x1 0-20m5/N and 
below 5.5xlO-19m5-/N, and expands the volume of said pressure room to said oscillating element. By 
impressing an electrical potential difference in the direction which compresses the volume of said 
pressure room, and impressing a driver voltage wave including the 2nd electrical-potential-difference 
change process for forming the Uquid column of a path smaller than the diameter of opening of this 
nozzle in said nozzle, making an ink droplet separate fi'om the head of this liquid column, and 
performing the regurgitation of a minute ink droplet It is characterized by carrying out the regurgitation 
of the ink droplet of 4 or less pis. 

[0059] By the actuation approach of the Inkjet recording head of the 2nd view of this invention, the 
effectiveness that image recording with the low high drawing quality of graininess is realizable is 
acquired. 
[0060] 

[Embodiment of the Invention] It precedes explaining the example of an operation gestalt of the Inkjet 
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recording head concerning this invention, and the relation between the operating characteristic of an 
oscillating element and the ink droplet volume is explained first. That is, although it is a mechanical 
system since an oscillating element generates a physical oscillation when it is seen in phenomenon, the 
ink jet recording head is intermingled for them and equipped with the acoustical system of ink passage, 
and the electric system of an actuation circuit besides the mechanical system. Since the differential 
equation description is a highly uniform, equivalent transformation of tiie these 3 system can be carried 
out mutually. Therefore, all are unified into an acoustical system here and actuation of a recording head 
is considered as one acoustic circuit. 

[0061] A mechanical system can express the operating characteristic of an oscillating element 
(diaphragm + electrostrictive actuator) only with mass [kg], compliance [m/N], and three parameters of 
attenuation [Ns/m]. If equivalent transformation of these is carried out to an acoustical system, the 
operating characteristic of an oscillating element can be expressed only with an inertance mO [kg/m4], 
acoustic capacitance cO [m5/N], and three parameters of acoustic resistance rO [Ns/m5]. 
[0062] If the above-mentioned acoustical system parameter is used, one oscillating element can be 
expressed as an equal circuit (acoustic circuit) shown in drawing 1 . Here, psi expresses a pressure [Pa]. 
Moreover, drawing 2 (a) is the equal circuit which connected the passage system with the oscillating 
element, and transposes the Inkjet recording head shown in drawing 34 to an equal circuit. 
[0063] It is here, and in an oscillating element and 1 , a pressure room and 2 mean an ink supply way, 
and 3 means [ u / [m3/s], volvune velocity, and 0 of a subscript ] the nozzle, respectively. Head 
properties, such as ink droplet volume, drop speed, and a natural period of a pressiu"e wave, can be 
searched for by analyzing this circuit using a circuit simulator etc. and investigating change of the 
volume velocity u3 of the nozzle section. 

[0064] Drawing 3 (a) - (c) is the result of investigating the relation between the acoustic capacitance cO 
of an oscillating element, an inertance mO and acoustic resistance rO, and excluded volume deltaV using 
the equal circuit of drawing 2 (a), respectively. In addition, excluded volume deltaV is a parameter 
which is mostly in agreement with the drop volume q so that it may mention later. From this result, to 
hardly affecting excluded volume dehaV (drop volume q), cO is large to deltaV, mO and rO influenced, 
and the inclination which deltaV increases became clear, so that cO was large. That is, it became clear 
that only cO influences a regurgitation property (drop volume q) among the acoustic capacitance cO of an 
oscillating element, an inertance mO, and acoustic resistance rO. 

[0065] Since the inertance mO and acoustic resistance rO of an oscillating element cannot have big effect 
on a regurgitation property (drop volimie) and the acoustic capacitance c3 of a nozzle can also be 
disregarded to the acoustic capacitance cO of an oscillating element, and the acoustic capacitance cl of a 
pressure room, the circuit of drawing 2 (a) can be simplified like drawing 2 (b). Here, it assumes that the 
relation of m2=k-m3 and r2=k-r3 is realized, and when theoretical analysis is performed about the case 
where the step-fimction-pressure psi is inputted, the volume velocity u3 in the nozzle section is 
expressed to the inertance and acoustic resistance in a nozzle and a supply way like a degree type. 
[0066] 
[Formula 1] 

"3^^^= tSt" exp(-Dc*t) sin(Ec-t) (1) 



C=Co+Ci 
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[0067] Since volume [ of the ink droplet (large drop) breathed out from a nozzle ] q [m3] is almost equal 
to the area of the slash section shown in drawing 39 (a), q is expressed by the degree type. 
[0068] 
[Formula 2] 

, U3 dl (2) 

s:2-^ V-^-Co 

'»>2+ni3 

ma+ms 

[0069] phi [PaA^] is an electroacoustic transduction multiplier (= psiA^), and is a parameter showing the 
magnitude of the pressure generated in per xmit electrical potential difference. In flie Inkjet recording 
head using the electrostrictive actuator which carries out bending deformation, this electroacoustic 
transduction multiplier phi is a very important parameter which influences the drop volume 
(regurgitation effectiveness). However, about tfie relation between head structure and phi, there is no 
example investigated in detail in the past. Then, this invention persons investigated about the relation 
between head structure and phi by structural analysis which used the finite element method. 
[0070] What is necessary is just to use the following approaches, in order to ask for phi by structural 
analysis. First, an oscillating element is modeled and the deformation condition of the oscillating 
element at the time of impressing applied voltage V is searched for. Next, a pressure is applied to an 
oscillating element and it asks for the pressure p required in order to return the deformation of an 
oscillating element to zero. Based on the value of this p, the value of phi is calculated as phi=pA^. 
Moreover, the acoustic capacitance cO of an oscillating element is sunilarly computed as cO=deltaV/p by 
asking for excluded volimie deltaV generated when a pressure p is applied and an oscillating element is 
made to deform. 

[0071] Drawing 4 (a) is a graph which shows the result of having changed each parameter in connection 
with head structure in the large range, having performed structural analysis, and having calculated the 
value of cO and phi. It is the range of 9x10-8 to 1x10 to 6 m2 about a pressure room and the area in the 
plane view of an electrostrictive actuator, and, specifically, the aspect ratio in a pressure room and the 
flat-surface configiu-ation of each electrostrictive actuator was changed in 1-20. Moreover, in metal 
plates, such as stainless steel, it changed in 5-20 micrometers, and diaphragm thickness was changed in 
20-100 micrometers with the polyimide film. Furthermore, electrostrictive actuator thickness was 
changed in 10-50 micrometers, the piezoelectric constant was changed, respectively in the range of 
1x10-10-3x10-10 mA^, structural analysis was performed to various combination, and the value of phi 
and cO was calculated. Consequently, as for acoustic capacitance cO, it became clear that 1x10-21 - 
5xlO-18m5/N and phi changed in the range of 4x103 - 4x104 PaA^. 

[0072] The result of having investigated relation with phi-c 0 (the parameter which determines the drop 
volume per unit electrical potential difference; referring to said formula (2)), andcO based on the above- 
mentioned analysis result is shown in drawing 4 (b). Although the relation between cO and phi-c 0 is 
distributed within the lindts of the slash section in a graph fi'om this result, in order to obtain the big 
drop volume (big phi-c 0) as a generahty, it is cO >=2.0xlO-20[m5/N]. 
It became clear that it is necessary to set up. 

[0073] That is, in order to secure the big drop volume (regiu-gitation effectiveness) in the ink jet 
recording head which bent and used the deforming electrostrictive actuator, it is cO >=2.0xlO-20[m5/N]. 

** - it becomes important conditions. Acoustic capacitance cO is a parameter showing the rigidity of an 
oscillating element, an oscillating element tends to bend, namely, that cO is large means that it is easy to 
generate big excluded volume deltaV. Moreover, the value of 2.0x1 0-20m5/N can be said to be the 
value for which it was suitable as a lower limit of acoustic capacitance cO also firom a viewpoint of 
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obtaining the large drop of 15 or more pis which enables low resolution record of 600 or less dpi so that 
it may state below. 

[0074] When a diaphragm is constituted from metallic materials (stainless steel, nickel, etc.) and a 
piezoelectric constant is made into abbreviation 3x10-10 m/V as conditions the most suitable when 
producing a actual ink jet recording head, and general, the relation between cO and phi-c 0 comes to be 
shown in drawing 5 and drawing 6 . 

[0075] Another graph with which drawing 5 shows the relation between cO and phi-c 0, and drawing 6 
are the graphs to which a part of drawing 5 was expanded. That is, when diaphragm construction 
material and a piezoelectric constant were fixed, even if it changed values, such as diaphragm thickness, 
electrostrictive actuator thickness, and an aspect ratio, it became clear that the relation between cO and 
phi-c 0 is plotted on about one curve. It means that this, i.e., phi among the parameters which govern the 
drop volume q, can be treated as a function of cO. 

[0076] In a general Inkjet recording head, m2 and m3 in said formula (2) are set up with m2**m3 so 
that it may mention later. Moreover, if applied voltage V considers an actuation circuit and power- 
source cost, about 40V will become an upper limit. Therefore, among the parameters of a formula (2), 
since m2/(m2+m3) and applied voltage V are parameters actually unchangeable into arbitration and phi 
is a parameter depending on cO, it can be said that the parameter which is governing the drop volume q 
is only cO substantially. 

[0077] Then, cO [ required to obtain drop volume of 15 or more pis from the result of drawing 6 ] is 
calculated. As mentioned above, since it can place with m2/(m2+m3) **l/2, and V<=40 [V], in order to 
secure drop volume of 15 or more pis, it is necessary to set up phi-c 0 more than 4xl0-16m3A''. If this is 
applied to the graph of drawing 6 , it will become the conditions of cO >=2.0xlO-20m5/N. That is, cO 
>=2.0xlO-20m5/N serves as important conditions also from a viewpoint of obtaining drop volume of 15 
or more pis which was suitable for low resolution record by the ink jet recording head which bent and 
used the deforming electrostrictive actuator. 

[0078] As stated above, it bends and the point of having specified the header and the proper lower limit 
of cO for the substantial parameter which governs the drop volume in the Inkjet recording head using the 
deforming electrostrictive actuator being only cO is one of the descriptions of this invention. It is very 
effective to have arranged the rule parameter only to one of the cO as mentioned above, and to have 
clarified the optimal range to conventionally having adjusted the drop volume, combining the parameter 
of a large nvmiber in connection with head structure by trial and error, when performing the optimization 
design of a head. 

[0079] Next, the pressure room configuration of reconciling the "large drop regurgitation" and "nozzle 
increased density" is considered. Since the parameter which is governing tfie drop volume substantially 
is only cO as mentioned above, in order to reconcile the "large drop regurgitation" and "nozzle increased 
density", it is important to maximize cO per unit area. 

[0080] It depends for acoustic capacitance cO on the configuration of an oscillating element greatly. 
Then, it investigated about the oscillating element configuration which can maximize cO per unit area. 
Drawing 7 is the result of calculating cO from each configuration from which area is the same as that of, 
and an aspect ratio (aspect ratio) differs about a square pressure room. Drawing 7 shows that acoustic 
capacitance cO increases, so that the aspect ratio of the flat-surface configuration of a pressure room 
approaches 1 (i.e., so that it is a configuration near a square). That is, if the pressure room of a flat- 
surface configuration with the aspect ratio near 1 is used, it will become possible to obtain the big 
acoustic capacitance cO in a small occupancy area, and will become advantageous to improvement in a 
nozzle consistency. 

[0081] In order to set up the regiu-gitation effectiveness per unit area highly from the result shown in 
drawing 7 , it is required to set up the aspect ratio of a pressure room between 0.3-3 at least. 
Furthermore, it is desirable to set up an aspect ratio between 0.8-1.2. In this case, an aspect ratio = as 
compared with the optimum conditions of 1, decline in regurgitation effectiveness can be dedicated to 

30% or less. 

[0082] Here, an "aspect ratio" means the value which shows the ratio (B/A) of the longest width of face 
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(A) in the flat-surface configuration of a pressure room, and the shortest width of face (B), as shown in 
drawing 8 (a) - (d) explaining the definition of an aspect ratio. Moreover, when the aspect ratio of the 
flat-surface configuration of a pressure room is set as abbreviation 1, the aspect ratio of an oscillating 
element also usually serves as abbreviation 1. That is, the oscillating element consists of actuators (after- 
mentioned) of a diaphragm and an electrostrictive actuator, and since the actuator of an electrostrictive 
actuator is made into the flat-surface configuration of a pressure room, and a configuration mostly in 
agreement, the aspect ratio of an oscillating element also serves as abbreviation 1. 
[0083] Although drawing 7 is the result of investigating about a square pressure room, the same result 
that cO becomes max by aspect ratio =1 is obtained also about the polygon containing the other triangle, 
a pentagon, and a hexagon, and the ellipse form. Therefore, an aspect ratio = generally the conclusion 
that 1 is the optimal is appliable also about the pressure room of other configurations other than a 
square. 

[0084] Next, the cause of the unusual meniscus oscillation shown in drawing 39 (b) is described. 
Drawing 9 is a graph which shows the result of having investigated the fi-equency response of the 
equivalence electrical circuit of drawing 2 (a). Since the peak exists in 130kHz and 1.3MHz in this 
graph, as for this circuit, it turns out that it has two resonance fi-equency. Drawing 10 is the circuit 
diagram which rewrote the equivalence electrical circuit of drawing 2 (a) and in which showing the 
equivalence electrical circuit of one ejector. When a circuit is rewritten in this way, it turns out that the 
two vibration system A and B is included in this circuit. 

[0085] That is, it is possible that two resonance firequency looked at by drawing 9 is equivalent to each 
resonance fi*equency of vibration system A and B. It generates according to vibration system A, and the 
original meniscus oscillation used for expulsion of an ink droplet can understand generating of a 
meniscus oscillation like drawing 39 (b), if it thinks that the short oscillation of the period by vibration 
system B is overlapped on this. The natural period Tc of vibration system A is expressed like a degree 



[0087] The point that cO and cl are parallel connection in vibration system A is characteristic, therefore 
the natural period Tc of a meniscus oscillation is c (=cO+cl). 

It rules "Be alike" over. On the other hand, the natural period TB of vibration system B is expressed like 
a degree type. 
[0088] 
[Formu la 4] 



[0089] cc in a formula 4 is the synthetic acoustic capacitance at the time of carrying out the series 
connection of the acoustic capacitance cO of an oscillating element, and the acoustic capacitance cl of a 
pressure room, and is expressed with a degree type. 
[0090] 
[Formula 5] 



[0091] That is, the point that the synthetic acoustic capacitance cc to which the series connection of cO 
and cl was carried out rules over is the description of vibration system B. This vibration system B 
differs firom the natural fi-equency of the oscillating element itself seen by the ink jet recording head 
using the longitudinal-oscillation mold electrostrictive actuator indicated by JP,6-171080,A etc. 




type. 
[0086] 
[Formu la 3] 
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Vibration system B is one of the vibration system formed by connecting an oscillating element and a 
passage system (pressure room) to the last instead of the natural-frequency system of the oscillating 
element itself 

[0092] As mentioned above, it bends, and in the deforming electrostrictive actuator, since two vibration 
system exists in a recording head, in order to obtain a normal meniscus oscillation, it is required to 
control the effect of the above-mentioned vibration system B. It is necessary to fulfill two conditions 
which make the vibration amplitude of vibration system B small (conditions 1), and make it TB«Tc 
(conditions 2) for this implementation. Hereafter, the concrete cure for fulfilling two conditions is 
described. 

[0093] The response of the vibration system B when inputting the step-fimction-pressure psi can be 
expressed like a degree type. 
[0094] 
[Formula 6] 

"B(t)= exp(-DB-t) 8ln(EB-t) (6) 




[0095] That is, since the amplitude of the volume velocity uB produced according to vibration system B 
is proportional to the 1 -/square of cc, in order to make the ampUtude of vibration system B small, it 
needs to set up (conditions 1) and cc small. However, in order to make it not affect the amplitude or 
natural period of an original meniscus oscillation (vibration system A), it is c (=c0+cl). 
** " it is necessary to minimize cc under certain conditions 

[0096] Drawing 1 1 is a graph which shows the change of cc by the value of cO. In this graph, it 
calculated as c0-i-cl=10. This graph shows that what is necessary is just to set cO and cl as imbalance 
(out of balance) with setting out, cO>cl [ i.e., ], or cO<cl, in order to make cc small. However, it needs 
to be referred to as cO>cl , in order to reconcile the both sides of reservation of the drop volume, and 
amplitude reduction of vibration system B by that of since the drop volume q decreases as mentioned 
above if cO is made small. 

[0097] As shown in a degree type, the acoustic capacitance cl of a pressure room is proportional to the 

volume Wl of a pressure room. However, kappa is the bulk-modulus [Pa] of ink and alpha is a 

correction factor (0< alpha<l). 

[0098] 

[Formula 7] 
Wi 

[0099] In the ink jet recording head which carries out the regxirgitation of drop volume of 15 or more 
pis, the minimum of the area of base of a pressure room is about 9x10 to 8 m2, and the minimum of 
pressure room height is set to about 50 micrometers, in order to secure the fluidity of ink. Therefore, the 
acoustic capacitance cl of a pressure room serves as a value more than 2xlO-20m5/N. Therefore, in 
order to control the vibration amplitude of vibration system B small, it is necessary to set up with cO 
>=2xlO-20m5/N. That is, it is cO >=2xlO-20[m5/N] also from the viewpoint of preventing the effect of 
vibration system B and obtaining the stable meniscus oscillation. 
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** - it becomes important conditions. 

[0100] Moreover, in order to reduce the effect vibration system B affects vibration system A, 
considering as TB«Tc (conditions 2) is also important. That is, if the natural period TB of vibration 
system B can be set up sufficiently small compared with Tc, it will become possible to suppress the 
substantial effect on meniscus behavior small The natural period TB of vibration system B needs to 
make cc and mO small, in order to make TB small, since it is expressed with a formula (4). 
[0101] In order to perform fluid simulation and normal expulsion of an ink droplet from the result of a 
actual regurgitation experiment, it became clear that being referred to as TB<Tc/10 is desirable. 
Therefore, it is necessary to set up mO so that the conditions of a bottom type may be satisfied. 
[0102] 
[Formula 8] 



[0103] As stated above, the point which showed clearly that it is what the shimmy of the meniscus 
shown in drawing 39 (b) depends on the effect of the 2nd vibration system (vibration system B) 
contained in a head, and clarified fiirther the conditions which can control the adverse effect by vibration 
system B is also one of the descriptions of this invention. In addition, the example of disclosure which 
bent and made reference about existence of the above-mentioned vibration system B and its effect in the 
ink jet recording head using the deforming electrostrictive actuator does not exist, as far as this invention 
persons get to know. 

[0104] As stated so far, from the "large drop regurgitation" and a viewpoint of "normalization (effect 
control of vibration system B) of a meniscus oscillation", it tumed out that cO is so advantageous that it 
is large. However, if cO is enlarged on the other hand as shown m a formula (3), a natural period Tc will 
increase. As mentioned above, in order to carry out the regurgitation of the minute drop with a meniscus 
control system, it is necessary to hold down a natural period Tc to below fixed. It is necessary to 
specifically set Tc as 15 or less microseconds. It is there, next the upper limit of cO is considered from a 
viewpoint of setting up a natural period Tc small. 

[0105] As shown in a formula (3), Tc is proportional to an m2 and m3/(m2+m3) 1 -/square. Inertance m 
is a parameter decided by duct cross-section A [m2] and duct die-length 1 [m] like a degree type. 
However, rho is the consistency [kg/m3] of ink. 
[0106] 
[Formula 9] 



[0107] In a general ink jet recording head, the inertance m3 of a nozzle and the inertance m2 of a supply 
way are set up ahnost equally. Because, although the refill rate which is an ink supplement rate after the 
drop regurgitation as it is m3 »m2 becomes large, regurgitation effectiveness will fall (see the formula 
2). On the other hand, although regurgitation effectiveness increases that it is m3 «m2, a refill rate will 
fall Therefore, in a general ink jet recording head, in order to aim at coexistence with regurgitation 
effectiveness reservation and the increment in a refill rate, it is set up with m2**m3. 
[0108] Moreover, if it thinks from the actual nozzle dimensions of 30 micrometers or less of opening, 
i.e., a diameter, die length of 20 micrometers or more, and the nozzle dimensions used as 15 degrees or 
less of taper angles, m3 will become a four or more 2x107 kg/m value, therefore, m2 and m3/(m2+m3) - 
- about — 1x107 kg/m4 serves as a lower limit. 

[0109] Moreover, as mentioned above, as for the acoustic capacitance cl of a pressure room, 
abbreviation 2xlO-20m5/N serves as a minimum. Therefore, in order to obtain the natural period Tc for 
15 or less microseconds from a formula (3), it is necessary to set acoustic capacitance cO below to 
5.5xlO-19m5/N. That is, like [ natural period / Tc ] the case of the drop volume q, although some 
determinants (parameter) exist, when it is going to set up Tc small, only cO becomes a rule parameter 
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substantially. And in order to obtain the natural period Tc for 15 or less microseconds suitable for the 
globule regurgitation, it becomes a requirement to set acoustic capacitance cO below to 5.5x1 0-1 9m5/N. 
[01 10] In the ink jet recording head using the electrostrictive actuator which will bend and deform if the 
above content is summarized, if the drop volume q and a natural period Tc are govemed by the acoustic 
capacitance cO of an oscillating element and the upper limit/lower limit of other parameters are taken 
into consideration, the optimal range exists in cO. That is, the "large drop regurgitation" and the "globule 
regurgitation" can be reconciled by setting up acoustic capacitance cO so that the conditions of a degree 
type may be satisfied, 
2.0x10-20 <=cO <=5.5xlO-19 [m5/N] (10) 

[0111] Moreover, by satisfying the conditions of cO>cl and a formula (8), the effect of the 2nd vibration 
system (vibration system B) formed in a head can be controlled, and the ink jet recording head excellent 
in regurgitation stability and dependability can be realized. Furthermore, by setting the aspect ratio of a 
pressure room as abbreviation 1, cO per unit area can be maximized and an ink jet recording head with a 
high nozzle consistency can be realized. 

[0112] With reference to a drawing, this invention is further explained to a detail based on the example 
of the 1st operation gestalt concerning this invention below the example of the 1st operation gestalt. The 
concrete configiiration of the oscillating element which fills the conditions of c>=2.0xlO-20m5/N with 
this example of an operation gestalt is investigated and made as an experiment, and it is shown as a 
result of having conducted the expulsion-of-an-ink-droplet experiment. Dravying 12 is a perspective 
view shown where the ink jet recording head of this example of an operation gestalt is developed. 
[0113] The diaphragm 41 with which this Inkjet recording head accomplishes a part of the ink pool 
plate 38, ink umbilical plate 39, pressure room plate 40 with which two or more pressure rooms 14 were 
formed, and wall surface of the pressure room 14 at the nozzle plate 29 top by which two or more 
nozzles 13 were formed in the shape of a matrix (letter of a matrix) is joined to this order. Two or more 
electrostrictive actuators 16 are joined to the diaphragm 41 so that each pressure room 14 may be 
countered. 

[0114] Dravmig 13 is a top view shown where a part of configuration of dravsdng 12 is seen through. 
The nozzle configuration of this example of an operation gestaU is considered as the array of the shape 
of a matrix of eight line x8 train. The nozzle pitch in a line writing direction is 42.3 micrometers 
corresponding to resolution 600dpi. Therefore, a row pitch is 42.3micrometerx8 train =338micrometer, 
and width of face in the line writing direction of the pressure room 14 is set to 328 micrometers settled 
in the pitch. 

[0115] Moreover, a row pitch is also set to 338 micrometers and width of face in the direction of a train 
of the pressure room 14 is set to 328 micrometers settled in the pitch. That is, the flat-surface 
configuration of the pressure room 14 is a square. The flat-surface configuration of an oscillating 
element is also the same as the flat-surface configuration of the pressxu-e room 14, and, as for the plane 
area, area is made small 0. 1 08mm more nearly substantially than 2 and the conventional structure. When 
the flat-surface dimension of an oscillating element is decided, the structure parameter which determines 
acoustic capacitance is only the diaphragm 41, the construction material of an electrostrictive actuator 
16, and thickness which are the configuration member. Here, the construction material of stainless steel 
(SUS304) and an electrostrictive actuator 16 was decided to be titanic-acid lead zirconate system 
ceramics for the construction material of a diaphragm 41. Therefore, the structure parameter which 
remains is the thickness of these two members. 

[01 16] In order to decide thickness, the relation between the thickness of two members and acoustic 
capacitance cO was investigated first. For calculation of acoustic capacitance cO, excluded volume 
deltaV at the time of impressing the homogeneity pressure p to the structure-model-ized oscillating 
element using finite element analysis was calculated, and it considered as cO=deltaV/p. 
[0117] What summarized the above-mentioned result is shown in the graph of drawing 14 . In a graph, 
the thickness of a diaphragm 41 is taken along an axis of abscissa, the thickness of an electrostrictive 
actuator 16 is taken along an axis of ordinate, analysis examination of the acoustic capacitance cO to 
those combination is conducted, and it is cO >=2.0xlO-20[m5/N]. 
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The field of the combination with which *♦***♦ is filled was smeared away and expressed. In every 
thickness combination in the field, the excluded volume of an oscillating element can obtain 15 or more 
pis. Therefore, in the ink jet recording head using this, the regurgitation of the ink droplet of 15 or more 
pis can be carried out. 

[01 18] In this example of an operation gestalt, the prototype which set thickness of 5 micrometers and 
an electrostrictive actuator 16 to 10 micrometers for the thickness of a diaphragm 41 was performed as 
one of the solution of the, and the expulsion-of-an-ink-droplet experiment was fiirther conducted 
combining ink passage. The example is shown below. 

[0119] That is, the whole of the dimension of a nozzle plate 29, the ink pool plate 38, the supply way 
plate 39, the pressure room plate 40, and a diaphragm 41 is the same, and width of face in the direction 
in which 4nun, a head scanning direction, and the width of face in a head scanning direction cross at 
right angles is set to 4mm. Moreover, also let all construction material be stainless steel (SUS304). 
[0120] By press working of sheet metal, thickness is 50 micrometers, and a nozzle plate 29 follows an 
above-mentioned layout, and is penetrated, and the nozzle 13 of the shape of a matrix with a diameter of 
25 micrometers is formed. The thickness of the ink pool plate 38 is 200 micrometers, with a diameter of 
28 micrometers which is open for firee passage for nozzle 13 firee passage hole 38a is formed by press 
working of sheet metal, and ink pool 38b is formed by etching processing. 
[0121] With a diameter of 25 micrometers to which thickness opens supply way plate 39 for firee 
passage to with a diameter of 28 micrometers which is 50 micrometers and is open for fi-ee passage for 
nozzle 13 v^th press working of sheet metal firee passage hole 39a, and ink pool 38b ink supply way 39b 
is formed. Thickness is 80 micrometers, according to the above-mentioned flat-surface configuration, it 
is etching processing and, as for the pressure room plate 40, two or more pressure rooms 14 are formed. 
As already stated, thickness is set to 5 micrometers, and a diaphragm 41 has conductivity, and fimctions 
also as a common electrode for impressing the driver voltage wave of an electrostrictive actuator 16. 
The alignment marker (not shown) for carrying out positioning junction is mutually given to five kinds 
of above plates, 

[0122] Thickness is set to 10 micrometers as the electrostrictive actuator 16 was already described. Each 
electrostrictive actuator 16 is formed according to the individual on the diaphragm 41 corresponding to 
each pressure room 14, and that of the flat-surface configuration is the same as that of the appearance of 
the pressure room 14. 

[0123] The electrode layer is formed in both sides of an electrostrictive actuator 16, respectively. The 
flexible cable (not shown) which has an electric circuit pattern, and the electrode layer by the side of the 
fi-ee surface of an electrostrictive actuator 16 (individual electrode) are electrically connected through 
wirebonding. 

[0124] Next, the manufacture approach of the ink jet recording head of this example of an operation 
gestalt is explained. Drawing 15 is the perspective view showing this manufacture approach, and (a) - 
(d) shows each process gradually. First, as shown in drawing 15 (a), lap polish processing is performed 
to a cylinder-like block [ piezoelectric-material ] (not shown), and the piezoelectric-material plate 42 is 
produced. Polish processing is performed so that thickness may become the same as the design thickness 
of an electrostrictive actuator 16. An electrode layer 43 is formed in both sides of this piezoelectric- 
material plate 42 by sputtering, respectively. In this example of an operation gestalt, gold (Au) was used 
as an electrode material of an electrode layer 43. 

[0125] Subsequently, as shown in drav^ng 15 (b), temporary inmiobihzation of the piezoelectric- 
material plate [ finishing / sputtering ] 42 is carried out at a stationary plate 45 through the adhesion 
foaming tape 44 which has the property whose adhesion is lost at the time of an elevated temperature. 
The alignment marker (not shown) for performing junction positioning with a nozzle plate 29, the 
pressure room plate 40, and the SUS plate of diaphragm 41 grade is prepared in this stationary plate 45. 
[0126] Furthermore, as shown in drawing 15 (c), the film mask 46 which has photosensitivity is stuck on 
the piezoelectric-material plate 42 which carried out temporary immobilization. In this example of an 
operation gestalt, the urethane system film mask with a thickness of 10 micrometers is used as a film 
mask 46. Then, the exposure mask 47 formed in the pattern which makes only the part which it leaves as 
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an electrostrictive actuator 16 penetrate ultraviolet rays (UV) is prepared separately. Patterning of this 
film mask 46 is carried out on the basis of the alignment marker of a stationary plate 45. 
[0127] Then, UV exposure is performed on the piezoelectric-material plate 42 covered with the fihn 
mask 46 using the exposure mask 47, and it etches into the fihn mask 46 fiuther. What has the property 
that the part to which the UV irradiation of the fihn mask 46 was carried out is not removed, but the 
other part can be removed certainly is chosen as an etching reagent. The sodium-carbonate solution was 
used in this example of an operation gestalt, 

[0128] The film mask 46 is covered with the process to the above only into a part to leave as an 
electrostrictive actuator 16, and the fihn mask 46 is removed fi-om the other part. Then, sandblasting 
processing is performed to this structure. This sandblasting processing is performed under conditions 
which carry out grinding clearance of the piezoelectric-material plate 42 of a part which the fihn mask 
46 was removed and was exposed certainly, and do not carry out grinding of the part in which the film 
mask 46 remained. 

[0129] Then, the film mask 46 which remained on the fi-ont face of the piezoelectric-material plate 42 is 
removed and washed. According to the above process, as shown in drav^ng 15 (d), both sides can be 
equipped with an electrode layer 31, and the piezoelectric material of the structure which stuck the 
wafer-ized electrostrictive actuator 16 on the adhesion foaming tape 44 on the stationary plate 45 can be 
obtained. 

[0130] Subsequently, the process which sticks the above-mentioned piezoelectric material on a 
diaphragm 41 is performed. First, adhesives (not shown) are applied to the fi-ont face of the piezoelectric 
material shown in drawing 15 (d). In this example of an operation gestalt, since a diaphragm 41 is made 
to serve a double purpose as a common electrode, the adhesives which have conductivity are used for 
the adhesives to apply. After applying this, superposition and 2kg [ per square centimeter ] application 
of pressure are performed for piezoelectric material and a diaphragm 41 by making the aUgnment 
marker of a diaphragm 41 and a stationary plate 45 into positioning criteria, adhesives thermosetting in 
the bottom of the temperature of 200 degrees C are stiffened, and both sides are joined. In addition, 
since the adhesion foaming tape 44 used in order to carry out temporary immobilization of piezoelectric 
material and the stationary plate 45 at the time of this heating loses adhesion with heat, it exfoUates 
easily. 

[0131] According to the above process, it has the electrostrictive actuator 16 wafer-ized on Perilla 
fiiitescens (L.) Britton var. crispa (Thunb.) Decne. as the common electrode in the diaphragm 41, and 
the unit with which the individual electrode was prepared on each electrostrictive actuator 16 is 
obtained. This unit is pasted up and joined with the plate unit which is the junction article of nozzle 
plates 29 other than diaphragm 41 joined [ which joined and positioning-pasted up ] separately, the mk 
pool plate 38, the supply way plate 39, and the pressure room plate 40. Thereby, an Inkjet recording 
head can be obtained. 

[0132] Finally, electrical connection for impressing a driver voltage wave to each electrostrictive 
actuator 16 is performed. In this example of an operation gestalt, the FPC cable (not shown) was stuck 
on the periphery of an Inkjet recording head, and the electrode terminal and individual electrode of each 
electrostrictive actuator 16 were connected by wirebonding. 

[0133] Next, actuation of this example of an operation gestalt is explained. That is, each pressure room 
14 is filled up with ink via ink pool 38b to ink supply way 39b shown m drawing 12 to the Inkjet 
recording head made as an experiment as mentioned above. Then, if driver voltage is impressed between 
the individual electrode of each electrostrictive actuator 16, and a diaphragm 41 (conmion electrode), the 
oscillating element which consists of a diaphragm 41 and an electrostrictive actuator 16 will bend, it will 
deform, and an ink droplet wall carry out the regurgitation fi-om the corresponding nozzle 13 by 
compressing the ink with which it filled up in the pressure room 14. 

[0134] The regurgitation experiment of an ink droplet was conducted using the above ink jet recording 
head. Drawing 16 is a graph which shows the driver voltage wave used in this experiment. In the graph, 
an electrical potential difference [V] is taken along an axis of ordinate, and time amount [mus] is taken 
along the axis of abscissa. 
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[0135] First, the driver voltage wave shown in drawing 16 is inputted into each oscillating element 
according to an individual. Consequently, it checked that the ink droplet of 20pl(s) stabilized and carried 
out the regurgitation from each nozzle 13. Furthermore, the number of the oscillating elements driven 
simultaneously was changed, and the same experiment was conducted. Consequently, it checked that it 
was stabilized and the regurgitation of the ink droplet of the same drop measure could be carried out 
irrespective of the number to drive. Moreover, the difference in the regurgitation property (whenever 
[ regurgitation drop volume and regurgitation drop speed ], discharge direction) by the location to drive 
was not checked, either. 

[0136] In the ink jet recording head of this example of an operation gestalt, the acoustic capacitance cO 
of an oscillating element was calculated with 3.2xlO-20m5/N by structural analysis and location survey 
assessment by the fmite element method. That is, the ink jet recording head of this example of an 
operation gestalt is cO >=2.0xlO-20[m5/N]. 
****** is filled. 

[0137] that is, the thing which the large drop regurgitation of 15 or more pis will become possible if the 
conditions of cO >=2.0xlO-20m5/N are fulfilled - the experimental result of this example of an 
operation gestalt - it was checked. 

[0138] Example drawing 1 7 of the 2nd operation gestalt is the perspective view which developed the ink 
jet recording head of this example of an operation gestalt. In this Inkjet recording head, ink passage is 
formed by carrying out laminating junction of a total of a nozzle plate 1, the common passage plate 2, 
the supply way plate 4, the pressure room plate 5, and the five plates of a diaphragm 6 with adhesives. 
[0139] Common passage is constituted by one mainstream way 7 and 26 branching passage (five are 
displayed in drawing 17 ) 8. The mainstream way 7 is open for free passage on the ink tank (not shown) 
through a feed hopper 9, and has the function which supplies ink to each branching passage. Every ten 
pressure rooms 14 are connected with each branching passage 8, respectively (five pieces are displayed 
in dravying 17 ). That is, the Inkjet recording head of this example of an operation gestalt is constituted 
as a matrix-like array head which has 260 ejectors. 

[0140] Drawing 18 is drawing having shown the cross section of one ejector. The pressure room 12 is 
connected with the branching passage 8 through the ink feed holes 11, and it fills up with ink in the 
pressure room 12. The nozzle 10 for carrying out the regurgitation of the ink droplet is connected with 
each pressure room 12. Moreover, the diaphragm 6 is formed in the base of the pressure room 12, and 
the electrostrictive actuator 27 is attached in the diaphragm 6. When a driver voltage wave is impressed 
to this electrostrictive actuator 27, an electrostrictive actuator 27 bends and deforms and makes tiie 
pressure room 12 expand or compress. If a volume change arises in the pressure room 12, a pressxure 
wave will occur in the pressure room 12. The ink of the nozzle section exercises, it is discharged by 
operation of this pressure wave from a nozzle 10 outside, and an ink droplet is formed of it. In addition, 
24 shows a free passage way. 

[0141] In this example of an operation gestalt, the polyimide film with a thickness of 25 micrometers 
was used for the nozzle plate 1, and the nozzle 10 of 25 micrometers of diameters of opening was 
formed by excimer laser processing. If a resin fihn is used for the member (nozzle plate 1) which forms 
a nozzle like this example of an operation gestalt, a nozzle plate 1 can be operated as an air damper of 
the branching passage 8, and the regurgitation stability at the time of the multi-nozzle simultaneous 
regurgitation can be raised. That is, in head structure as shown in drawing 18 , if the nozzle plate in 
which a nozzle 10 is formed is formed with a resin fihn, a part of wall surface (top face) of the 
branching passage 8 will serve as a resin fihn. If the wall surface of branching passage is constituted 
from a rigid low resin film, the acoustic capacitance of branching passage can increase substantially, 
generating of the sound wave propagation (cross talk) through branching passage etc. can be prevented, 
and the regurgitation stability at the time of the multi-nozzle simultaneous regurgitation can be raised. In 
addition, in order to secure sufficient acoustic capacitance for branching passage and to give the 
functions (cellular contamination prevention on a discharge direction disposition etc.) as a nozzle to the 
nozzle section, it is suitable for the thickness of a resin fihn that it is within the limits of 20-70 
micrometers. However, even if it is except this optimum range, it is possible to acquire the same 
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operation effectiveness with imperfection. The ink feed holes 1 1 of 26 micrometers of diameters of 
opening were formed in the supply way plate 4 with a press using the stainless plate with a thickness of 
75 micrometers. 

[0142] The passage pattern was formed in the common passage plate 2 and the pressure room plate 5 by 
wet etching using the stainless plate with a thickness of 100 micrometers. Die length of one side used 
the pressure room 12 as the square of 500 micrometers and an aspect ratio 1, and as shown in drawing 
19 (a), in order to prevent the stagnation of ink flow, it gave R configuration to the comer of the pressure 
room 12. The stainless plate (Ev=197GPa) with a thickness of 10 micrometers was used for the 
diaphragm 6. Px in drawing 19 (a) shows the nozzle pitch of a main scanning direction 428 (refer to 
drawing 42 ), and Py shows the nozzle pitch of the direction 429 of vertical scanning, respectively. 
[0143] Drawing 19 (b) is drawing having shown the configuration of the electrostrictive actuator 27 
used in this example of an operation gestalt. Veneer-like piezo-electricity ceramics (titanic-acid lead 
zirconate system ceramics) (Ep=200GPa) with a thickness of 30 micrometers was used for the 
electrostrictive actuator 27. Width of face Wp of an electrostrictive actuator was set to 490 micrometers 
almost equal to the pressure room width of face W, and used the sandblasting processing method for 
processing. In addition, 37 shows the electrode pad section and 38 shows an actuator, respectively. 
[0144] As a result of structural analysis and location survey assessment by the finite element method, by 
the Inkjet recording head of this example of an operation gestalt, the acoustic capacitance cO of an 
oscillating element was calculated with 3.2x1 0-20m5/N, and the inertance mO was called for with 
1.3x106 kg/m4. Moreover, the acoustic capacitance of the pressure room 12 was 2.0xlO-20m5/N 
(cc=1.2xl0-20m5/N). That is, the Inkjet recording head of this example of an operation gestalt fulfills 
the conditions of a formula (8) and a formula (10). 

[0145] The driver voltage wave used for drawing 40 in this example of an operation gestalt is shown. 
drawing 40 - (- c -) - being shown ~ a large - a drop - ** - driver voltage - a wave - 
comparatively ~ being loose ~ starting - time amount ~ a pressure a room - compressing - a sake ~ 
the - one ~ an electrical potential difference ~ change - a process - 402 - " - and - fixed - a period - 

- an electrical potential difference - having held - after - apphed voltage ~ reference voltage (offset 

. voltage Vb) - returning - a sake - the - two - an electrical potential difference - change ~ a process - 

- 404 - " - constituting - having - **** . If this driver voltage wave is impressed to an electrostrictive 
actuator, a big pressure will occur in the pressure interior of a room to the timing to which 1st electrical- 
potential-difference change process 402" was impressed, and the ink in a nozzle will be injected towards 
the recording paper. It was set as section t7 "=15microsecond and electrical-potential-difference 
variation V2" =30V and bias voltage Vb=20V section t3 "=5microsecond and section t4" 
=10microsecbnd, respectively. 

[0146] On the other hand, the driver voltage wave for globules shown in drawing 40 (a) is constituted by 
the 4th electrical-potential-difference change process 404 for returning the 3rd electrical-potential- 
difference change process 403 for expanding the 2nd electrical-potential-difference change process 402 
for compressing the 1st electrical-potential-difference change process 401 for expanding a pressure 
room just before the regurgitation, and a pressure room at a rapid rate, and a pressure room at a rapid 
rate, and applied voltage to reference voltage. If this driver voltage wave is impressed to an 
electrostrictive actuator, the meniscus of nozzle opening will once be drawn in a pressure generatmg 
room side by the 1st electrical-potential-difference change process 401, and will form the meniscus of a 
concave configuration according to it. 

[0147] Then, if the 2nd electrical-potential-difference change process 402 is added, a thin liquid column 
will be formed in a nozzle center section, and when a liquid column is further divided at an early stage 
by the 3rd electrical-potential-difference change process 403, an ink droplet smaller than the diameter of 
a nozzle will be breathed out. That is, this driver voltage wave is an actuation wave for carrying out the 
regurgitation of the minute drop with a meniscus control system. It was set as electrical-potential- 
difference variation V1=15V, electrical-potential-difference variation V2=12V, electrical-potential- 
difference variation V3=17V, and bias voltage Vb=20V, respectively section tl=2microsecond, section 
t2=2microsecond, section t3=2microsecond, section t4=0.5microsecond, section t5=2microsecond, 
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section t6=5microsecond, and section t7=15microsecond. 

[0148] drawing 40 - (- b -) - being shown - inside - a drop - ** - driver voltage - a wave - a 
globule -- the same - a meniscus ~ control having used - a thing - it is — the regurgitation - just 
before - a pressure -- a room - expanding -- making - a sake - the - one - an electrical potential 
difference - change -- a process — 401 - ' - a pressure — a room - being rapid -- a rate — compressing - 
- a sake - the - two - an electrical potential difference - change - a process -- 402 - ' - and ~ applied 
voltage - reference voltage - returning - a sake the -- three - an electrical potential difference - 
change - a process -- 404 - ' - constituting - having - **** -- . Like the 3rd electrical-potential- 
difference change process 403 of the driver voltage wave for globules, in early fragmentation of a liquid 
column, in order to hold a fixed period electrical potential difference after *♦***♦*♦ and 2nd electrical- 
potential-difference change process 402', a bigger ink droplet a little than a globule is breathed out. It 
was set as electrical-potential-difference variation VI -15 V, electrical-potential-difference variation 
V2*=20V, and bias voltage Vb=20V, respectively section tr=2microsecond, section t2'=2microsecond, 
section t3 -2microsecond, section t4 -lOmicrosecond, and section t7=15microsecond. 
[0149] In addition, the actuation wave shown in drawing 40 is an example which shows the actuation 
approach of the Inkjet recording head of this invention, and can also use the actuation wave of other 
configurations. That is, as long as it includes at least the 1st electrical-potential-difference change 
process of impressing an electrical potential difference in the direction which shrinks the volume of a 
pressiwe room as a wave for large drop regurgitation, and making an ink droplet breathing out, and the 
2nd electrical-potential-difference change process of impressing an electrical potential difference in the 
direction which expands the volume of said pressure room, the actuation wave of a different 
configuration from drawing 40 (c) may be used. 

[0150] For example, the electrical-potential-difference change process for drawing a meniscus in the 
interior of a nozzle sHghtly may be added just before 1st electrical-potential-difference change process 
402", or another electrical-potential-difiference change process may be added after 2nd electrical- 
potential-difference change process 404." As long as it includes at least the 1st electrical-potential- 
difference change process of similarly impressing an electrical potential difference in the direction 
which expands the volume of said pressiare room as a wave for globule regurgitation, and the 2nd 
electrical-potential-difference change process of impressing an electrical potential difference in the 
direction which compresses the volume of said pressure room, the actuation wave of a different 
configuration from drawing 40 (a) may be used. For example, it may consider as the actuation wave 
which does not have the 3rd electrical-potential-difference change process 403 and the 4th electrical- 
potential-difference change process 404, or another electrical-potential-difference change process for 
controlling the initial state of a meniscus may be added just before the 1st electrical-potential-difference 
change process 401. 

[0151] Drawing 41 is drawing having shown the basic configuration of the actuation circuit used in this 
example of an operation gestalt. In case image recording by the drop diameter modulation technique is 
performed, it impresses changing the driver voltage wave shown in drawing 40 for every pressure room 
to the electrostrictive actuator corresponding to each pressure room, and the drop diameter of the ink 
droplet made to breathe out is changed. In this example of an operation gestalt, in order to generate three 
sorts of driver vohage waves shown in drawing 40 (a) - (c), it has three kinds of wave generating circuits 
411, 41 r, and 411", and each wave is ampUfied by an amplifying circuit 412, 412', and 412." Based on 
image data, at the time of record, an electrostrictive actuator 414, 414*, and the driver voltage wave 
impressed to 414" are changed by a switching circuit 413, 413*, and 413", and the ink droplet of a 
request drop diameter is breathed out at it. 

[0152] The regurgitation experiment of an ink droplet was conducted using the ink jet recording head of 
this example of an operation gestalt described above. As a result of impressing the actuation wave 
(Vr-30V) shown in drawing 40 (c) to an electrostrictive actuator 27, it was checked that the ink droplet 
of drop volume 20pl is stabilized, and is breathed out from each nozzle 10. That is, it has checked 
experimentally that the regurgitation of the large drop exceeding 15pl becomes possible by using the 
electrostrictive actuator 27 which fulfills the conditions of acoustic capacitance cO >=2.0xl0-20m5/N. 
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Moreover, refill time amount was also as brief as about 40 microseconds, and 18kHz high-speed 
actuation was possible for it. 

[0153] As a result of performing image recording in the record paper using the ink jet recording head of 
this example of an operation gestalt, image concentration (OD value 1.3) sufficient also in the low 
record resolution of 600dpi was able to be obtained. That is, in the Inkjet recording head of this example 
of an operation gestalt, since the large drop regurgitation of drop voliune 20pl is possible, image 
concentration sufficient also in low record resolution called 600dpi can be obtained, and it can be said 
that it is an ink jet recording head very advantageous to high-speed record. In addition, when the applied 
voltage of an actuation wave was made to increase to VT -40V, the drop volume of 27pl was obtained 
and image concentration (OD value 1.2) sufficient also in the record resolution of 300dpi was able to be 
obtained. 

[0154] Drawing 21 is the result of observing a meniscus oscillation of the ink jet recording head of this 
example of an operation gestalt with a laser-doppler meter. It was checked that the natural period Tc of a 
pressure wave is small stopped with 9.5 microseconds. That is, the natural period Tc for 15 or less 
microseconds suitable for the minute drop regurgitation was able to be obtained by using the oscillating 
element which fiilfiUs the conditions of acoustic capacitance cO <=5.5xlO-19m5/N. 
[0155] Moreover, in the ink jet recording head of this example of an operation gestalt, a fine oscillation 
was not able to be overlapped on a meniscus oscillation, but the very good meniscus oscillation was able 
to be obtained so that the meniscus oscillating wave of drawing 21 might show. The ink jet recording 
head of this example of an operation gestalt fiilfiUs a formula (8) and the conditions of cO>cl, and this is 
because the amplitude of the vibration system B mentioned above is stopped small. Since such a stable 
oscillation was obtained by the meniscus, very high regurgitation stability was able to be acquired in the 
ink jet recording head of this example of an operation gestah. 

[0156] Moreover, when the globule regurgitation was performed by the actuation wave shown in 
drawing 40 (a), it was checked that the regurgitation of the minute mk droplet of drop volume 2pl can be 
carried out to stability. That is, in the ink jet recording head of this example of an operation gestalt, the 
natural period was as short as 9.5 microseconds, and since the shimmy of a meniscus was controlled, the 
minute drop regurgitation by the meniscus control system was able to be performed good. That is, in the 
ink jet recording head of this example of an operation gestalt, drop diameter modulation record was able 
to be performed in the large drop diameter range of 2-20pl by being impressed by each electrostrictive 
actuator, coexistence with the "large drop regurgitation" and the "globule regurgitation" being possible, 
and changing the driver voltage wave shown in drawing 40 according to an image pattem. 
[0157] As an example of a comparison, thickness tp of an electrostrictive actuator, the thickness tv of a 
diaphragm, and the pressure room width of face W were changed, and same characterization was carried 
out. Consequently, as O plot of drawing 6 showed the drop volume, the structural-analysis result and the 
result which is in agreement with fitness were obtained. That is, although drop volume of 15 or more pis 
was obtained in the range of cO >=2.0xlO-20m5/N, on condition that c0<2.0xl0-20m5/N, only drop 
volume of less than 15 pis was obtained, and sufficient image concentration was not able to be obtained. 
In addition, the conditions used as cO<2.0xlO-20m5/N are combination, such as W= 500 micrometers, 
tv=10micrometer, tp=45micrometer, W= 400 micrometers, tv=5micrometer, and tp=35micrometer. 
[0158] Although drop volume of 15 or more pis was obtained, the natural period Tc was set to 15 
microseconds or more, and it became impossible moreover, to perform the globule regurgitation of 4 or 
less pis, when set to cO>5.5xlO-19m5/N. The conditions used as cO>5.5xlO-19m5/N are combination, 
such as W= 700 micrometers, tv=10micrometer, tp=15micrometer, W= 1000 micrometers, 
tv=10micrometer, and tp=3 5 micrometer. 

[0159] That a formula (10) is appropriate has checked experimentally as conditions for securing drop 
volume of 15 or more pis, and obtaining the natural period Tc for 15 or less microseconds fi*om the 
above result. In addition, when an aspect ratio uses the pressure room of abbreviation 1, in order to set 
the acoustic capacitance of an oscillating element as the range of 2.0x10-20 <=cO <=5.5xlO-19 m5/N, it 
is desirable to set the thickness of 300-700 micrometers (plane area 0.09-0.5mni2), a diaphragm, and an 
electrostrictive actuator as the range of 5-20 micrometers and 15-40 micrometers for pressure room 
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width of face, respectively. 

[0160] Moreover, prototype assessment of a head was performed also about the rectangular pressure 
room whose aspect ratio is not abbreviation 1. Consequently, also at the rectangular pressure room, 
when fulfiUing the conditions of a formula (10), it has checked that drop volume of 15 or more pis and 
the natural period for 15 or less microseconds were securable. However, although the same drop volume 
is obtained, one (the area of base of a pressure room) 2 to 5 times the actuation area of this is needed. 
[0161] For example, in order to obtain the same drop volume (20pl) as the ink jet recording head of this 
example of an operation gestalt, in the Inkjet recording head of an aspect ratio 5, 300x1500 micrometers 
of pressure room sizes needed to be set to 2. This is a twice [ about ] as many pressure room area as this 
as compared with the Inkjet recording head of this example of an operation gestalt, therefore it means 
the array consistency of a nozzle falling to one half That is, when fulfiUing the conditions of a formula 
(10) also at the pressure room of a rectangle configuration, the target property was acquired, but in order 
to make it compatible with a high nozzle consistency, it was confirmed that it is optimal to set the aspect 
ratio of a pressure room as abbreviation 1 . 

[0162] In addition, although the flat-surface configuration of an oscillating element can be made into an 
abbreviation equilateral triangle, an abbreviation square, or an approximate regular hexagon in the ink 
jet recording head of this example of an operation gestalt as mentioned above, as for these oscillating 
element, it is desirable to form a part for die joint of two sides each which adjoins mutually in the shape 
of a curve. That is, R configuration can be given to the comer (comer) of the pressure room 12 as shown 
in drawing 19 (a). This is for preventing that the stagnation point of ink occurs in the pressure interior of 
a room, and raising eccritic [ of air bubbles ]. 

[0163] That is, although the pressure wave which the pressure interior of a room was made to generate 
performs the regurgitation of an ink droplet in an Inkjet recording head, if air bubbles remain in the 
pressure interior of a room, pressure generating effectiveness will fall, and the volume and drop speed of 
an ink droplet will decrease. The drop regurgitation may become impossible if residual air bubbles are 
large. So, in the usual ink jet recording device, cellular clearance of the pressure interior of a room is 
performed by attracting ink fi-om a nozzle. However, since the stagnation point (part with the slow rate 
of flow) of ink occurs in the pressure interior of a room when the aspect ratio of a pressure room exists 
in 1 and an angle exists in near and a pressure room, cellular blowdown becomes difficult. 
[0164] So, in the ink jet recording head of this example of an operation gestalt, by giving R 
configuration to the comer of a pressure room, generating of a stagnation point was prevented and it 
raised cellular eccritic one. as a result of investigate the cellular survival rate of the pressure interior of a 
room after actually perform mk attraction on certain conditions (ink be attract for 5 seconds by the 
pressure of 200mmHg(s) fi-om a nozzle), when R configuration be gave, by the ink jet recording head of 
this example of an operation gestalt which added R configuration (curvilinear configuration), cellular 
survival be checked to the cellular survival rate having be 0 at 15 % of pressure room. 
[0165] In the Inkjet recording head of this example of an operation gestalt, since the high density array 
of many pressure rooms and electrostrictive actuators is carried out at the shape of a matrix, it becomes 
very difficult to perform electrical connection to each electrostrictive actuator. That is, as shown in 
drawing 35 , when the pressure room is arranged in one dimension, or when the high density array of 
many pressure rooms is carried out two-dimensional like this example of an operation gestalt although it 
is possible like the example of the 1st operation gestalt to perform electrical connection easily by the 
conventional electrical connection approaches (wirebonding etc.) when the number of pressure rooms 
also has little two-dimensional array, it is impossible to apply the conventional electrical connection 
approach. 

[0166] So, in this example of an operation gestalt, the electrical connection approach as shown in 
drawing 22 and drawing 23 was used. That is, as die electrode pad section 37 (refer to drawing 19 (b)) 
was formed in an electrostrictive actuator and it was shown in drawing 22 , the electrical potential 
difference was impressed to each electrostrictive actuator by carrying out electrical connection of this 
electrode pad section and the wiring substrate (FPC substrate) 3 1 1 through a solder bump. Hereafter, it 
explains in more detail about the electrical connection approach of this example of an operation gestalt. 
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[0167] Drawing 22 (a) and (b) are the sectional view where the perspective view of before electiic 
junction / back, drawing 23 (a), and (b) met the A- A line of drawing 22 (a), respectively, and the 
sectional view which met the B-B line of drawing 22 (b). The electrode 321 for common signals and the 
electrode 322 for individual signals are formed in the 2nd page which the electi-ostrictive actuator 312 
arranged in the shape of a matrix counters, respectively, and the elecf ode 321 for common signals is 
joined to the conductive diaphragm 313 electiically and mechanically. The electi-ode 321 for common 
signals made the two-layer stiiictiire of Cr (0.2 micrometers) and Au (0.2 micrometers), and the 
electi-ode 322 for individual signals three layer systems of Cr (0.2 micrometers), and nickel (0.6 
micrometers) and Au (0.2 micrometers). 

[0168] The flexible-printed- wiring substrate (FPC substi:ate) 31 1 with which the individual signal line 
(signal line) was formed consists of three layers, the base film 323 which consists of resin material, the 
circuit pattern 324 which consists of a metallic conductor, and the covering layer 325. Moreover, the 
electi-ode 327 for individual signals is formed in the electi-ode pad section 326 of an electi-ostiictive 
achiator, and a corresponding location, and the bump 330 of the sh^e of a semi-sphere which consists 
of conductive core material 328 and conductive jointing materials for corrugated fibreboard 329 is 
formed on tiiis electi-ode 327. In tiiis example of an operation gestalt, using Cu as core material 328, the 
pewter was formed in the &ont face of the core material 328 as a jointing material for corrugated 
fibreboard with electi-olysis plating, and the bump was produced. At this example of an operation 
gestalt, it is philSOmicrometer about a bump's path. Height was set as 60 micrometers. 
[0169] At tiie time of electiic junction, the FPC substi-ate 3 1 1 and an electirostrictive achiator 3 12 are 
made to counter muhially, where alignment is taken, application of pressure and heating are performed 
so that the location of the electi-ode pad section and a bump may be in agreement, and a bimip 330 is 
joined for a jointing material for corrugated fibreboard to an electi-ode pad electiically and mechanically 
melting and by making it flow on an electiode pad. The pad 327 for electiic junction on a diaphragm 
3 13 and the FPC substrate 3 1 1 is electiically joined to the control circuit (not shown), and driver voltage 
is impressed to an electi-ostrictive actuator 312 through an individual signal line. 
[0170] In the Inkjet recording head of tiiis example of an operation gestalt, tiie bump 330 is formed in 
the shape of a semi-sphere. This is for making die contact condition of tiie electirode pad section and a 
bump into homogeneity certainly. That is, even when gap arises in the parallelism of the FPC substiate 
31 1 and an electrostiictive actuator 312, by what tiie bump is made hemispherical for, tiie contact 
condition of tiie electiode pad section and a bump 330 can be equalized, and while tiie stable electrical 
connection becomes possible, destruction of the electi-ostiictive actuator 312 at tiie time of electiical 
connection can be prevented. 

[0171] Moreover, although tiie high FPC substi-ate 311 of flexibiHty is used for tiie wiring substi-ate in 
tiie Inkjet recording head of this example of an operation gestalt, it is for this also securing positive 
contact between tiie electi-ode pad section and a bump 330. That is, if a wiring substi-ate is constituted 
fi-om a low rigid-body ingredient of flexibility, it will be easy to generate poor contact between tiie 
electi-ode pad section and a bump 330 by tfie curvatiu-e of tiie passage plate to which tiie electi-ostiictive 
actuator was joined, or tiie variation of tiie tiiickness of an electi-ostiictive actuator selectively. On tiie 
otiier haiid, if a wiring substi-ate is constitiited fi-om a high ingredient of flexibility, according to 
deformation of a wiring substirate, above-mentioned curvature and above-mentioned thickness 
dispersion can be absorbed, and uniform contact can be secured in all electiical connection parts. 
[0172] Moreover, when tiie high ingredient of flexibility was used for tiie wiring substi-ate and an 
electrostiictive actuator 312 is driven, the sti^ess generated between a bump 330 and tfie wiring substiate 
31 1 can be reduced. That is, if an electiostrictive actiiator 312 is driven, in order to also displace some 
electi-ode pad sections, the bump 330 on tiie electi-ode pad section also displaces together. If tiie rigid 
high substi-ate is used for the wiring substiate at this time, big sti-ess will occur between each of the 
electi-ode pad section, a bump, and a wiring substi-ate, and producing fi-actiire of an electrical connection 
etc. will become tiie cause of reducing tiie dependability of an electiical connection greatly. On tiie otiier 
hand, if the high ingredient of flexibility is used for a wiring substiate like tiiis example of an operation 
gestalt, since a wiring substrate can be deformed according to a bump's variation rate, generating of 
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stress can be controlled and it becomes possible to realize a reliable ink jet recording head. 
[0173] Furthermore, the core material 328 is inserted in the interior of a bump 440 in the ink jet 
recording head of this example of an operation gestalt. Since it becomes possible to form a gap between 
an electrostrictive actuator 312 and the FPC substrate 311 after electrical connection by this, it becomes 
possible to bend freely and to deform, without an electrostrictive actuator 312 being restrained by the 
FPC substrate. That is, the poor property of the electrostrictive actuator 312 resulting from contact to an 
electrostrictive actuator 3 12 and the wiring substrate 311 can be prevented, and it becomes possible to 
realize a reliable ink jet recording head. Moreover, if a gap exists between an electrostrictive actuator 
312 and the FPC substrate 3 1 1, it will become possible an air cooling without blower or to carry out 
forced-air cooling about the heat generated by actuation of an electrostrictive actuator 312, and it will 
also become possible to control change of the electrostrictive actuator property by the temperature rise. 
[0174] By using the above electrical connection approaches, positive electrical connection can be made 
possible also to the electrostrictive actuator 312 by which the high density array was carried out two- 
dimensional. That is, since the wiring substrate 31 1 is arranged above an electrostrictive actuator 312, 
the tooth space which arranges a signal line can be secured to the maximum, and it becomes possible to 
set up the array consistency of a nozzle highly as a result. 

[0175] For example, since it is easy to form the circuit pattem of 50-micrometer pitch on the FPC 
substrate 3 1 1 when size arranges 500x500 micrometers of electrostrictive actuators 3 12 of 2 in the shape 
of a matrix by 10x10, the array pitch of an electrostrictive actuator 312 can be small set up to 575- 
micrometer pitch. This is a numeric value imrealizable by the conventional electrical connection 
approach in a matrix-like array head as shown in drawing 24 (a) and (b). 

[0176] For example, with the conventional electrical connection technique which forms the individual 
signal line 335 in the same flat surface as an electrostrictive actuator 331, as shown in drav^ng 24 (b), 
since the minimum wiring pitch by screen-stencil is generally about 0.3mm, as for the array pitch of an 
electrostrictive actuator 331, about 3.6nmi becomes a minimum. That is, the electrical coimection 
approach like this example of an operation gestalt can be said to be a very effective approach when 
raising the nozzle consistency in a matrix-like array head. 333 in drawing and 336 show the wiring 
substrate, respectively. 

[0177] Example drawing 25 of the 3rd operation gestalt (a) is the top view showing the head structure of 
this example of an operation gestalt. The ink jet recording head of this example of an operation gestalt 
has the description at the point of having set up smaller than the width of face W of the pressure room 
242 the width of face Wp of an electrostrictive actuator 241, although basic structure is almost the same 
as the example of the 1st operation gestalt. That is, in case an electrostrictive actuator is joined on a 
diaphragm by setting up smaller than the pressure room width of face W the width of face Wp of an 
electrostrictive actuator 241, even if a location gap occurs, the acoustic capacitance cO of an oscillating 
element can prevent changing sharply, and becomes possible [ suppressing change of the drop volume 
and a natural period to min ]. 

[0178] Drawing 26 is the result of investigating the change of which occurs in acoustic capacitance cO 
with the width of face Wp of an electrostrictive actuator 241, when a center position gap of the pressure 
room 242 and the actuator 243 (part which bends actually and deforms) of an electrostrictive actuator 
241 is set to delta [mum]. From this result, when setting up Wp so that the following conditions 
(formula (11)) might be satisfied, it became clear that change of the drop volume can be controlled 
small. 

Wp<= (W-2delta) or - Wp>= (W+2delta) (1 1) 

[0179] The reason whose robustness (insensibiUty) over a location gap of an electrostrictive actuator 
improves imder the above-mentioned conditions is because the support condition of an electrostrictive 
actuator edge becomes always fixed. That is, if electrostrictive actuator width of face is set up like 
drawing 25 (a) smaller than pressure room width of face so that the conditions of Wp<= (W-2delta) may 
be fiilfiUed, even if a location gap of **delta occurs, the actuator 243 of an electrostrictive actuator will 
not lap on the septum of the pressure room 242. Therefore, since the edge of an actuator 243 is always 
maintained as a revolution support condition, even if a location gap occurs, the ease of carrying out of 
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deformation of an electrostrictive actuator does not change a lot, and acoustic capacitance cO serves as 
an almost fixed value. 

[0180] On the other hand, like drawing 25 (b), since the actuator 243 has lapped on the septum of the 
pressure room 242 even if a location gap occurs whenever it sets up electrostrictive actuator width of 
face more greatly than pressure room width of face so that the conditions of Wp>= (W+2delta) may be 
fulfilled, even if an actuator edge is always maintained as a fixed support condition and a location gap 
occurs, acoustic capacitance cO does not change a lot. 

[0181] As mentioned above, if the width of face Wp of an electrostrictive actuator 241 is set up so that 
the conditions of a formula (11) may be satisfied so that the support condition of an actuator edge may 
be kept constant even if a location gap occurs, fluctuation of the acoustic capacitance cO by location gap 
can be suppressed to the minimum, and it will become possible to raise the robustness over a location 
gap. 

[0182] However, if an actuator edge is made into a fixed support condition as Wp>= (W+2delta), since 

deformation of an electrostrictive actuator will be restrained by the edge, as compared with the case of a 

revolution support condition, cO decreases substantially. Moreover, also in Wp<= (W-2delta), if Wp is 

too small, regurgitation effectiveness will fall (since a substantial actuation area falls). 

[01 83] Drawing 27 is the result of investigating the relation between regurgitation effectiveness and 

variation (delta= 20 micrometers). In order to secure the robustness over a location gap and to acquire 

high regurgitation effectiveness fi-om this result, it turned out that it is necessary to satisfy the following 

conditional expression. 

0.9(W-2delta) <=Wp<= (W-2delta) (12) 

[0184] In this example of an operation gestalt, since the amount delta of maximum location gaps 
generated at the time of junction of an electrostrictive actuator was 20 micrometers, Wp was set as 460 
micrometers (the pressure room width of face W is 500 micrometers). That is, even if the **20- 
micrometer location gap occurred, it set up so that big effect might not occur in regurgitation 
effectiveness. 

[0185] As a result of actually producing two or more recording heads and investigating dispersion in 
regurgitation effectiveness (ink droplet volume), it was checked that the difference of regurgitation 
effectiveness is settled to 5% or less between the heads which the delta= 20-micrometer location gap 
generated. Moreover, when evaluated by making a location gap increase to 30 micrometers or more 
intentionally, it was checked that 10% or more of difference occurs in regurgitation effectiveness. That 
is, it has checked that the robustness over a location gap could be improved by satisfying the conditions 
of a formula (12). 

[0186] In addition, although it is dependent on the alignment approach at the time of junction of an 
electrostrictive actuator, the amount delta of location gaps of an electrostrictive actuator is set to about 
**10-**30 micrometers when the general alignment approach on the basis of an alignment mark is used. 
Therefore, as for the width of face Wp of an actuator, it is optimal to set up smaller pressure room width 
of face of about **10-**30 micrometers than W. 

[0187] Moreover, it evaluated to the pressure room width of face W being 500 micrometers like drawing 
25 (b) also about the electrostrictive actuator which set Wp as 540 micrometers. In this case, since the 
boundary condition of an actuator always serves as the fixed end even if a **20-micrometer location gap 
occurs, fluctuation of acoustic capacitance cO can be controlled. As a result of investigating change of 
the drop volume by location gap, it was actually checked that the difference of regurgitation 
effectiveness is as small as 5% or less. However, since the boundary condition of an actuator is the fixed 
end, compared with the structure of drawing 25 (a), regurgitation effectiveness is 1/5 or less, and it can 
be told to the large drop regurgitation that it is disadvantageous structure. 

[0188] In the ink jet recording head of this example of an operation gestalt, the acoustic capacitance cO 
of an oscillating element was calculated with 3.5xlO-20m5/N, and the inertance mO was called for with 
1.0x106 kg/m4. That is, the ink jet recording head of this example of an operation gestalt had also 
satisfied the conditions of a formula (8) and a fomiula (10), consequently drop volume 19pl (V1=30V) 
and 9.8 microseconds of natural periods were able to be obtained. 
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[0189] Example drawing 28 of the 4th operation gestalt is the top view showing the head structure of 
this example of an operation gestalt. The ink jet recording head of this example of an operation gestalt 
has the description in the point which constitutes the configuration of an electrostrictive actuator from an 
actuator 273, the electrode pad section 274, and the bridge section 275, although basic structure is the 
same as that of the example of the 3rd operation gestalt ahnost. 

[0190] That is, it is separated into an actuator 273 and the electrode pad section 274 by formation of a 
through hole 278, and the electrostrictive actuator 271 is connected through the bridge section 275 in the 
part with the small variation rate of an actuator 273. Thereby, since the displacement constrain by the 
electrode pad section 274 of an electrostrictive actuator 271 is reduced, an Inkjet recording head with 
high regurgitation effectiveness is realizable. 

[0191] As expressed with the contour line 276 of dravdng 28 , when the electrostrictive actuator 271 
which an aspect ratio bends and deforms into the pressure room 272 near 1 is attached, an oscillating 
element deforms into the configuration near the spherical surface. Therefore, in the part which is more 
distant from the core of the oscillating section, the amount of displacement becomes small. In the case of 
polygons (a square, hexagon, etc.), an electrostrictive actuator 271 serves as a part which is distant from 
a core with the field of the angle of the oscillating section 273. Therefore, electrical-potential-difference 
impression (electrical coimection) to an actuator 273 can be enabled by connecting the bridge section 
275 with the comer of the oscillating section 273 like this example of an operation gestalt, minimizing 
the displacement constrain of an electrostrictive actuator 271. 

[0192] As a result of carrying out regurgitation assessment of the ink jet recording head of this example 
of an operation gestalt, compared with the structure of drawing 25 , regurgitation effectiveness was 
actually able to be increased by 20%. That is, the drop volume of 23pl(s) was able to be obtained by 
V1=30V. In addition, it is 3.7x1 0-20m5/N, an inertance mO is 1.0x106 kg/m4, and, as for the acoustic 
capacitance cO of an oscillating element, the ink jet recording head of this example of an operation 
gestalt is also satisfied with the ink jet recording head of this example of an operation gestaU of the 
conditions of a formula (8) and a formula (10). 

[0193] Drawing 29 is the result of structural analysis and actual regiu'gitation assessment investigating 
the relation between the width of face Wb of the bridge section, and regurgitation effectiveness. The 
displiacement-constram force becomes small, so that the width of face of the bridge section is small, and 
the inclination which increases regurgitation effectiveness can be grasped. However, when width of face 
of the bridge section is made [ too little ], a crack occurs in the bridge section at the time of manufacture 
or an activity, and there is a possibility tiiat it may become impossible to perform normal expulsion of an 
ink droplet. Therefore, as for the width of face Wb of the bridge section, it is desirable to set to the width 
of face Wp of an actuator to 1/2 or less and 1/4 or more. 

[0194] The configuration of an electrostrictive actuator 271 can apply various configurations, as it is not 
limited to a configuration like drawing 28 and shown in drawing 30 (a) - (d). That is, as long as the 
bridge section 275 is connected with the part which is distant from the core of an actuator 273, the 
configuration of the bridge section 275 or the electrode pad section 274 may be what kind of 
configuration, and the number of the bridge section 275 may also be 1 or plural. 
[0195] Moreover, like this example of an operation gestalt, it is advantageous to separate the actuator 
273 and the electrode pad section 274 of an electrostrictive actuator 271, also when performing electrical 
connection of an electrostrictive actuator 271. That is, in the configuration of an electrostrictive actuator 
241 as shown in drawing 25 , since an actuator 243 and the electrode pad section 244 are not separated, 
when the electrical connection approach which used the FPC substrate shown in drawing 22 and 
drawing 23 is used, the jointing material for corrugated fibreboard 329 shown in drawing 23 (a) and (b) 
flows into an actuator field, and there is a possibility that a jointing material for corrugated fibreboard 
may restrain deformation of an electrostrictive actuator. Since the distance of an actuator and the 
electrode pad section becomes short when the high density array of the pressure room 242 is carried out 
especially, it becomes easy to generate the problem of such a jointing-material-for-corrugated-fibreboard 
inflow. 

[0196] On the other hand, like this example of an operation gestalt, if it is made the configiu^ation where 
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an actuator and the electrode pad section were separated, since the jointing-material- for-corrugated- 
fibreboard inflow to an actuator can be controlled effectively, it becomes possible to realize a reliable 
ink jet recording head. 

[0197] In this example of an operation gestalt, the configuration of an electrostrictive actuator 271 turns 
into a complicated configuration as shown in drawing 28 and drawing 30 . So, sandblasting processing 
was used for processing of an electrostrictive actuator in this example of an operation gestalt. This 
becomes possible simple-wise about the electrostrictive actuator of a complicated configuration to 
process it into a precision for a short time, and to manufacture the ink jet of high density by low cost. 
[0198] In the ink jet recording head of this example of an operation gestalt, as shown in drawing 28 , the 
dummy pattern 277 was arranged between the adjacent electrostrictive actuators 271. This is for 
preventing the effect of side etching generated at the time of sandblasting processing, and securing high 
dimension homogeneity to an electrostrictive actuator 271. 

[0199] That is, if sandblasting processing of the electrostrictive actuator 271 is carried out, also 
crosswise [ of an electrostrictive actuator 271 ] in parallel to progress of processing (etching) to the 
thickness direction of an electrostrictive actuator 271, processing will advance (it is hereafter called side 
etching). In case sandblasting processing is performed, this side etching is generated in order that a 
blasting particle may collide also to the side face of a piezo-electric plate. And it depends for the 
working speed (processing rate) of this side etching on the width of face of the processing slot formed in 
a piezo-electric plate. That is, if the width of face of the processing slot formed in the side of an 
electrostrictive actuator 271 is large, side etching will tend to advance at a quick rate, and if the width of 
face of a processing slot is conversely small, it will be hard coming to generate side etching. 
[0200] Thus, since the speed of advance of side etching changes with processing flute widths, if the 
processing flute width which encloses each electrostrictive actuator 271 is not fixed, variation will arise 
in the speed of advance of side etching, consequently the size of an electrostrictive actuator 271 will be 
irregular. In order for the size of an electrostrictive actuator 271 to affect a regurgitation property 
greatly, it is necessary to prevent the above uneven side etching. 

[0201] Then, the dummy pattern 277 is formed also between the electrostrictive actuators 271 which 
adjoin mutually, and it was made for the width of face of the processing slot 279 which encloses each 
electrostrictive actuator 271 to be fixed (about 80 micrometers) mostly in the Inkjet recording head of 
this example of an operation gestalt. By this configuration, all the electrostrictive actuators 271 could be 
processed on the same conditions, and the high electrostrictive actuator 271 of dimension homogeneity 
was able to be realized. Specifically, the precision of the width of face Wp of an electrostrictive actuator 
271 was able to be suppressed to **5 micrometers or less. When sandblasting processing is carried out 
without forming the dummy pattem 277, it can be told to the width of face Wp of an electrostrictive 
actuator 277 that the effectiveness of forming the dummy pattem 277 as compared with dispersion **20 
micrometers or more having occurred is very high. 

[0202] Moreover, by the same reason as the above, as shown in dravying 31 , the dummy pattem 232 
was arranged also in the periphery section of the field where two or more electrostrictive actuators 231 
were arranged. That is, in the electrostrictive actuator 231 located in the periphery section of the field 
where many electrostrictive actuators 231 were arranged, since side etching occurs remarkably, it is hard 
to acquire especially the dimensional accuracy as an electrostrictive actuator. Therefore, it becomes 
possible to secure high dimension homogeneity also in the electrostrictive actuator 231 located in the 
periphery section by arranging dunmiy PAN 232 so that the arranged electrostrictive actuator group may 
be surrounded. In addition, the ink jet recording head of this example of an operation gestalt is available 
also as a gestalt which puts the subdivided dunmiy pattem in order, although the dummy pattem 232 of 
the periphery section was made into integral construction like drawing 3 1 . 

[0203] As a result of applying the above-mentioned dummy pattem, in the ink jet recording head of this 
example of an operation gestalt, it became possible in 260 ejectors in a head to suppress dispersion in a 
regurgitation property (drop volume, drop speed) to ♦*5% or less. Moreover, as a result of carrying out a 
property comparison among two or more recording heads, it was checked that the property variation 
between recording heads is also settled to **6% or less, and it was proved that the above-mentioned 
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electrostrictive actuator structure using the dummy pattern 232 was very effective in equalization of a 
head property. 

[0204] Example drawing_42 of the 5th operation gestalt is drawing showing the example of an operation 
gestah of the ink jet recording device concerning this invention. The ink jet recording apparatus 420 of 
this example of an operation gestalt is constituted including the vertical-scanning device 423 for 
conveying the horizontal-scanning device 422 for scanning carriage 421 to the carriage 421 which 
carries an ink jet recording head, and the main scanning direction shown by the arrow head 428, and the 
record form 424 as a record medium in the direction of vertical scanning shown by the arrow head 429. 
[0205] An Inkjet recording head is carried on carriage 421 so that the field in which the nozzle was 
formed may counter with the record form 424, and it records to the fixed band field 427 by carrying out 
the regurgitation of the ink droplet to the record form 424, being conveyed in a main scanning direction 
428. Subsequently, the next band field is recorded, conveying the record form 424 in the direction 429 
of vertical scanning, and conveying carriage 421 to a main scanning direction 428 again. By repeating 
such actuation two or more times, image recording can be performed over the whole surface of the 
record form 424. 

[0206] Image recording was performed using the ink jet recording device of this example of an 
operation gestalt, and assessment of a recording rate and image quality was actually performed. The 
thing of the head structure stated in the above-mentioned example of tihe 4th operation gestalt was used 
for the ink jet recording head. Full color image recording was performed by making it correspond to four 
colors of yellow, a Magenta, cyanogen, and black, arranging the matrix-like array head which has 260 
ejectors per color side by side on carriage 421, and piling up the dot of four colors on the record form 
424. 

[0207] As a result of recording by large drop volume 18pl, globule volume 2pl, and record resolution 
setting 600dpi and a regurgitation firequency as 18kHz, the image of A4 size (210mmx297mm) could be 
printed by the time amount for about 5 seconds, and it was proved that a very high recording rate was 
realizable. Moreover, since the globule volume was as small as 2pl(s), graininess was suppressed low 
and the highlights section was also able to realize very high image recording of drawing quaUty. 
[0208] The same image output experiment was conducted using the conventional head of the number 64 
piece / of nozzles, and color as an example of a comparison. Since lOpl(s) of the large drop volume in 
which the regurgitation is possible were upper limits, record resolution was set as 1200dpi. The globule 
volume set 6pl(s) and a regurgitation fi-equency as 18kHz, respectively. As a result of evaluating a 
recording rate, the time amount for about 85 seconds was taken to record the image of A4 size 
(210mmx297mm). Moreover, since the globule volume was as large as 6pl(s), graininess was 
conspicuous in the highlights section and image quality was low as compared with this example of an 
operation gestalt. 

[0209] As mentioned above, in the ink jet recording device of this example of an operation gestalt, since 
the acoustic capacitance cO of the oscillating element in a recording head is set as cO >=2.0xlO-20m5/N 
and the pressure room of a square mold with high regurgitation effectiveness is arranged in the shape of 
a matrix possible [ the large drop regurgitation advantageous to a low resolution ], the number of nozzles 
can be set up greatly. Therefore, it becomes possible to increase a recording rate substantially as 
compared with the conventional ink jet recording device. Moreover, in the ink jet recording device of 
this example of an operation gestalt, since the acoustic capacitance cO of the oscillating element in a 
recording head is set as cO <=5.5xlO-19m5/N, the globule regurgitation by the meniscus control system 
can be performed good, and high image quality can be acquired. That is, it is possible for it to be 
compatible in high-speed record and high-definition record m the ink jet recording device of this 
example of an operation gestalt. 

[0210] In addition, although considered as the gestalt which records while conveying a head with 
carriage 421 in this example of an operation gestah, it is also possible to apply this invention to another 
equipment gestalt, such as to record fixing a head and conveying only a record medium using the line 
mold head which has arranged the nozzle covering fiill [ of a record medium ]. 

[021 1] As mentioned above, although each example of an operation gestalt was explained, this invention 
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is not limited to the configuration of the above-mentioned example of an operation gestalt. For example, 
although conmion passage and a pressure room are formed with the stainless plate in the above- 
mentioned example of an operation gestalt, the ceramics, glass, etc. are possible also for using other 
ingredients. Moreover, it is not Hmited to the gestalt shown in drawing 17 and drawing 18 , and the 
structure of the basic structure of a head, i.e., a nozzle, a supply way, and common passage, 
arrangement, etc. can also use other gestalten. 

[0212] Moreover, in the above-mentioned example of an operation gestah, although all the 
configurations of a pressure room were used as the square, even if it uses the configuration of other 
polygons (a triangle, a pentagon, hexagon, etc.) or an approximate circle form, the same effectiveness is 
acquired. Although the matrix-like array head was targetted for all the above-mentioned examples of an 
operation gestalt, this invention is applicable similarly to other head structures, such as head structure 
which arranged the pressure room in one dimension. Furthermore, in the above-mentioned example of 
an operation gestalt, although sandblasting processing was used for the processing approach (the 
manufacture approach) of an electrostrictive actuator, other processing methods, such as dicing 
processing and the approach of forming piezoelectric material on a diaphragm by printing, can also be 
used. Moreover, a diaphragm and an electrostrictive actuator can also be cast as integral construction. 
[0213] Moreover, although the ink jet recording apparatus which breathes out coloring ink in the record 
paper and records an alphabetic character, an image, etc. on it was taken for the example in the above- 
mentioned example of an operation gestalt, the ink jet record in this description is limited to neither the 
alphabetic character in the record paper, nor record of an image. That is, the hquid which a record 
medium is not necessarily limited to paper, and carries out the regurgitation is not necessarily limited to 
coloring ink, either. For example, the thing for which this invention is used to the general drop fixel 
injection equipment used industrially, such as breathing out coloring ink, producing the light filter for a 
display, or breathing out the pewter of a melting condition on a substrate and forming the bump for 
component moxmting on a high polymer fihn or glass, is also possible. 

[0214] If the flat-surface configuration where it used in this example of an operation gestalt sets to A the 
ratios dl/d2 of the path dl of a cu-cumscribed circle and the path d2 of an inscribed circle which touch a 
flat-surface configuration besides a square oscillating element, an oscillating element of a flat-surface 
configuration which fills 1<=A<=2 can be used. That is, although it is A=root2 (**1.4) with a square, it 
is [ at A= 2 and a forward hexagon ] A= 1 in an equilateral triangle in A=2/root3 (**1.2) and a perfect 
circle. Since the mmimum width of face tends to bend greatly, even if the oscillating element which has 
these flat-surface configurations makes the plane area as small as possible, it can maintain excluded 
volume. Therefore, it becomes possible to low-cost[ small and ]-ize a head. 

[0215] In addition, if the flat-surface configuration of an oscillating element, construction material, and 
thickness are the structures of it not being limited to what was made as an experiment in this example of 
an operation gestah, and fiilfiUing the conditions of 2.0x10-20 <= acoustic capacitance cO <=5.5xl0-19 
m5/N, even if they are other combination, tiiey can acquire the effectiveness concerning this invention. 
[0216] As mentioned above, although this invention explained based on the suitable example of an 
operation gestalt, the actuation approach of an ink-jet recording head is not limited only to the 
configuration of the above-mentioned example of an operation gestalt by tiie ink-jet recording head 
concerning this invention and its manufacture approach, an ink-jet recording apparatus, and the list, and 
tile actuation approach of an mk-jet recording head is also included in the range of this invention in them 
at the ink-jet recording head which performed various corrections and modification from the 
configuration of the above-mentioned example of an operation gestah and its manufacture approach, an 
ink-jet recording apparatus, and a list, 
[0217] 

[Effect of the Invention] The manufacture approach of an Inkjet recording head and the actuation 
approach can be acquired in the ink jet recording apparatus and list which carried the ink jet recording 
head which can be made to be able to breatiie out the "large drop" of necessary size from tiie same 
nozzle, and can realize "nozzle increased density", and can raise the expulsion-of-an-ink-droplet 
effectiveness per unit area, and such an ink jet recording head, avoiding enlargement and a cost rise of 
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head size according to this invention, as explained above. Moreover, the both sides of the "large drop" of 
necessary size and a "globule" can be made to be able to breathe out selectively from the same nozzle, 
and the ink jet recording head which enables coexistence of high-speed record and high-definition 
record can be obtained. Furthermore, the shimmy of a meniscus can be prevented and an ink jet 
recording head with high regurgitation stability can be realized. 



[Translation done.] 
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* NOTICES * 

JPO and NCIPI are not responsible for any 
damages caused by the use of this translation. 

1. This document has been translated by computer. So the translation may not reflect the original 
precisely. 

2. **** shows the word which can not be translated. 
3. In the drawings, any words are not translated. 



TECHNICAL FIELD 



[Field of the Invention] This invention relates to the ink jet recording device which equipped with such 
an ink jet recording head the manufacture approach of an ink jet recording head and such an ink jet 
recording head of performing record of an alphabetic character or an image by the ink droplet which 
carries out the regurgitation and the actuation approach, and the list. 



[Translation done.] 
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* NOTICES * 

JPO and NCI PI are not responsible for any 
damages caused by the use of this translation. 

l.This document has been translated by computer. So the translation may not reflect the original 
precisely. 

2 *♦** shows the word which can not be translated. 
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PRIOR ART 



[Description of the Prior Art] In recent years, very small [ the noise at the time of record ], the non 
impact recording method is attracting the interest at the point in which high-speed record is possible, and 
the ink jet printer which used the ink jet recording method also in it has spread widely. Such an ink jet 
printer makes an ink droplet fly from a recording head, is made to adhere to the recording paper, is 
equipped with the configuration which prints an alphabetic character, a graphic fomi, a photograph, etc. 
at high speed, and it can record it, without performing fixation processing special to a regular paper etc. 
The drop on-demand mold ink jet method which carries out the regurgitation of the ink droplet from the 
nozzle which is open for free passage in a pressure room by making the pressure room where it filled up 
with ink generate a pressure wave (acoustic wave), using electromechanical transducers, such as an 
electrostrictive actuator, as the above-mentioned ink jet recording method is leamed. 
[0003] The Inkjet recording head which adopted the drop on-demand mold ink jet method is indicated 
by JP,53-12138,B, JP,10-193587,A, etc. Drawing 34 is the sectional view showing the recording head of 
the ink jet recording device indicated by these official reports. This ink jet recording device is equipped 
with the pressure room 51, the nozzle 52 which is open for free passage in the pressure room 51, the ink 
supply way 54 to which ink is led from an ink tank through the common passage 53, and the diaphragm 
55 fixed to the base of the pressure room 51. 

[0004] With the above-mentioned ink jet recording apparatus, a pressure wave is generated in the 
pressure room 51 by carrying out the variation rate (bending deformation) of the diaphragm 55, and 
producing volume change in the pressure room 51 by the electrostrictive actuator 56 prepared in the 
pressure room 51 exteriors, at the time of expulsion of an ink droplet. By this pressure wave, it is 
injected outside through a nozzle 52, and some ink with which it fills up in the pressure room 51 serves 
as an ink droplet 57, and it flies. The ink droplet which flew reaches the target on record media, such as 
the recording paper, and forms a record dot (pixel). By performing formation actuation of such a record 
dot repeatedly based on image data, an alphabetic character and an image are recorded on a record 
medium. 

[0005] In the ink jet recording device of the above-mentioned drop mold on demand, there is a request 
of reconciling high-speed record and high-definition record. However, in the conventional Inkjet 
recording device, it was very difficult to be compatible in high-speed record and high-definition record. 
For example, if resolution is low stopped for implementation of high-speed record, good image quality 
will be spoiled, and the request of the both sides of high-speed record and high-definition record has the 
relation of a trade-off as high-speed record will be barred, if resolution is highly set as reverse for 
implementation of high-definition record. 

[0006] Here, conditions required in order to reconcile the both sides of "high-speed record" and "high- 
definition record" with the above-mentioned ink jet recording device are explained. That is, when 
realizing "high-speed record", two, lowering of** record resolution and increment (nozzle increased 
density) ** of the number of** nozzles, become important conditions especially. 
[0007] If "lowering of record resolution" of the above-mentioned condition ** is realized, since an unit 
area is recordable by few ink droplets, the time amount which record takes can be shortened. For 
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example, in the case of 300dpi, if the record resolution of 300dpi (dots per inch) and the record 
resolution of 1200dpi are measured, the number of dots required to record the same area will become 
1/16 [ in the case of 1200dpi ]. Here, if it assumes that the frequency (drive frequency) of expulsion of 
an ink droplet is the same, the direction in the case of recording by 300dpi will become possible 
[ increasing a recording rate by about 16 times ]. 

[0008] However, since image quaUty will deteriorate if record resolution is set up low, there is a 
minimum in reduction of record resolution. If it thinks from human being's vision property, in order to 
realize hi^-speed record, without spoiling image quality (quality of an alphabetic character or a line 
drawing), it is optimal to set up record resolution within the limits of 300 - 600dpi (however, 1 dots per 
inch = 39.37 dots/(meter)) extent. That is, the direction set as record resolution lower than the record 
resolution (700 - 2400dpi) of the ink jet recording device used for a current general target is 
advantageous when raising a recording rate. However, in order to set up record resolution low, it is 
necessary to realize the regurgitation of a big ink droplet according to it. 

[0009] That is, in order to form the big dot corresponding to the high-speed record performed in low 
record resolution, the regurgitation of the ink droplet with the big drop volume must be carried out. 
Although the relation between record resolution and the necessary drop volume changes with ink and 
the record paper types to be used somewhat, in order to obtain record concentration sufficient in the 
record resolution of 300 - 600dpi, in the case of the common ink and the common record form which are 
used with the conventional ink jet recording device, the ink droplet volume of 15-30pl (pico liter) is 
needed (however, a Ipico liter = ten to 15 m3). This is 1.5 to 3 times the value of the ink droplet volume 
(about 10 pl(s)) needed by record resolution 1200dpi. 

[0010] Moreover, in order to make a recording rate increase, said condition ** needs "to be increased by 
the number of nozzles." The number of dots which can be formed in per unit time amount increases, and 
a recording rate improves, so that there are many nozzles. Therefore, in the usual Inkjet recording 
apparatus, many recording heads of the multi-nozzle mold which connected two or more ink 
regurgitation devices (ejector) mentioned above are used. 

[001 1] The recording head of the above-mentioned muhi-nozzle mold is shown in drawing 35 . In this 
recording head, the ink tank 67 has connected with the common passage 63, and two or more pressure 
rooms 61 are connected with this common passage 63 through the ink supply way (not shown). Thus, 
the number of ejectors (the number of nozzles) can be increased to about 30-100 pieces by considering 
as the head structure of arranging an ejector 68 in one dimension to the common passage 63. 
[0012] Moreover, the Inkjet recording head (it is hereafter called a matrix-like array head) which 
considered as the head structure which can increase the number of ejectors further, and carried out two- 
dimensional array of the ejector to the shape of a matrix is indicated by for example, JP, 1-208 146, A, the 
Patent Publication Heisei No. 508808 [ ten to ] official report, etc. The matrix-like array head indicated 
by drawing 36 at these official reports is shown. With this matrix-Uke array head, common passage 
consists of the mainstream way 73 and the branching passage 78, and two or more ejectors 79 are 
connected to each of the branching passage 78. Such matrix-like array head structure is very 
advantageous to the increment in the number of ejectors (the number of nozzles). For example, 260 
ejectors can be made to arrange, if the number of the branching passage 78 is made into 26 and it 
connects ten ejectors to each branching passage 78 at a time. In addition, 36 ejectors are displayed in 
drawing 36 . 

[0013] As mentioned above, although the matrix-like array head is advantageous to the increment in the 
number of nozzles, if the array consistency of a pressure room is not set up highly, the size of the whole 
recording head will increase, buildup of a head manufacturing cost, buildup of equipment size, or head 
mileage between services will increase, and the various problems of a recording rate falling will be 
caused. That is, the technical problem of making the number of nozzles increase by the ink jet recording 
head is how to be able to arrange many nozzles in a fixed area, that is, is transposed to the technical 
problem how a nozzle consistency can be increased. With a matrix-like array head as shown in drawing 
36 , in order to make the array consistency of an ejector increase, it becomes an important technical 
problem to set up the size of a pressure room small. 
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[0014] It is desirable to, set up the path of the ink droplet which carries out the regurgitation on the other 
hand, as small as possible, in order for an ink jet recording device to realize "high image recording." In 
outputting a photograph especially, in order that the granular feeling of the highlights section (low 
concentration section) may influence image quality greatly, it is desirable to record the highlights 
section by the very small iiok droplet. From the resolution of human being's eye, if the diameter of a dot 
is set to 40 micrometers or less, the granular feeling of an image will fall substantially, and since it will 
become difficult to carry out visual recognition of each dot if set to 30 more micrometers or less, image 
quality improves by leaps and bounds. Therefore, in the highlights section of an image, it must be 
desirable to realize the small dot of 30 micrometers or less of diameters, and, for that purpose, it must 
realize the regurgitation of the minute drop of 2 - 4pl extent. 

[0015] The actuation approach for performing the minute drop regurgitation by the ink jet recording 
head is indicated by JP,55-17589,A. By the actuation approach given in this official report, a pressure 
room is once expanded just before the regurgitation, and the regurgitation of an ink droplet is performed 
from the condition which drew the meniscus of nozzle opening in the pressure room side. An example of 
an actuation wave used by this kind of the actuation approach is shown in drawing 37 , This actuation 
wave is constituted including the electrical-potential-difference change process 83 for expanding a 
pressure room, and the electrical-potential-difference change process 84 for compressing a pressure 
room subsequently and performing the regurgitation of an ink droplet. 

[0016] Drawing 38 is the sectional view having shown typically the motion of the meniscus 92 in 
opening of the nozzle 91 at the time of impressing the actuation wave of drawing_37 . If the electrical- 
potential-difference change process 83 shown in drawing 37 is answered and a pressure room begins to 
expand although the meniscus 92 is carrying out the flat configiuration by the initial state as shown in 
drawing 38 (a), when the center section of a meniscus 92 retreats more greatly than a periphery, a 
meniscus 92 will serve as a concave bend side configuration as shown in drawin g 38 (b). 
[0017] If the electrical-potential-difference change process 84 shown in drawing 37 is answered and a 
pressure room starts compression firom the condition that the concave bend side meniscus 92 of the 
above was formed, as shown in drawing 38 (c), the thin liquid column 93 is formed in the center section 
of a meniscus 92, as further shown in drawing 38 (d), the point of a liquid column 93 will dissociate and 
an ink droplet 94 will be formed. The ink drop diameter at this time is almost equal to the size of the 
formed liquid column 93, and smaller than the diameter of a nozzle. That is, the regurgitation of the ink 
droplet 94 smaller than the diameter of a nozzle can be carried out by using such an actuation approach. 
As mentioned above, the thing of the actuation approach which controls the meniscus configuration in 
fi-ont of the regurgitation, and performs the minute drop regurgitation is hereafter called a "meniscus 
control system" on these descriptions. 

[0018] As stated above, in order to realize "high-speed record" by the Inkjet recording head of a drop 
mold on demand, the "large drop regurgitation" which enables low resolution record, and the "nozzle 
increased density" which enables the increment in the number of nozzles are required. On the other 
hand, in order to reaUze high-definition record, the "globule regurgitation" which enables granular 
feeling reduction of the highlights section is needed. Therefore, in order to reconcile the both sides of 
"high-speed record" and "high-definition record" by one recording head, it is necessary to satisfy 
simultaneously three conditions, the "large drop regurgitation", "nozzle increased density", and the 
"globule regurgitation." 



[Translation done.] 



http://www4.iodl.nciDi.eo.iD/cei-bin/tran web cei eiie 



7/5/2006 



JP,2003-039673,A [EFFECT OF THE INVENTION] 



Page 1 of 1 



♦ NOTICES * 

JPO and NCIPI are not responsible for any 
damages caused by the use of this translation. 

1 .This document has been translated by computer. So the translation may not reflect the original 
precisely. 

2.**** shows the word which can not be translated. 
3. In the drawings, any words are not translated. 



EFFECT OF THE INVENTION 



[Effect of the Invention] The manufacture approach of an ink jet recording liead and the actuation 
approach can be acquired in the ink jet recording apparatus and list which carried the ink jet recording 
head which can be made to be able to breathe out the "large drop" of necessary size from the same 
nozzle, and can realize "nozzle increased density", and can raise the expulsion-of-an-ink-droplet 
effectiveness per unit area, and such an ink jet recording head, avoiding enlargement and a cost rise of 
head size according to this invention, as explained above. Moreover, the both sides of the "large drop" of 
necessary size and a "globule" can be made to be able to breathe out selectively from the same nozzle, 
and the ink jet recording head which enables coexistence of high-speed record and high-definition 
record can be obtained. Furthermore, the shimmy of a meniscus can be prevented and an ink jet 
recording head with high regurgitation stability can be realized. 
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EFFECT OF THE INVENTION 



[Effect of the Invention] The manufacture approach of an ink jet recording head and the actuation 
approach can be acquired in the ink jet recording apparatus and list which carried the ink jet recording 
head which can be made to be able to breathe out the "large drop" of necessary size from the same 
nozzle, and can realize "nozzle increased density", and can raise the expulsion-of-an-ink-droplet 
effectiveness per unit area, and such an ink jet recording head, avoiding enlargement and a cost rise of 
head size according to this invention, as explained above. Moreover, the both sides of the "large drop" of 
necessary size and a "globule" can be made to be able to breathe out selectively from the same nozzle, 
and the ink jet recording head which enables coexistence of high-speed record and high-definition 
record can be obtained. Furthermore, the shimmy of a meniscus can be prevented and an ink jet 
recording head with high regurgitation stability can be realized. 
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TECHNICAL PROBLEM 



[Problem(s) to be Solved by the Invention] However, it is very difficult in the conventional ink jet 
recording head to satisfy simultaneously all the "globule regurgitation" for reahzing high-definition 
record in the "large drop regurgitation" for realizing high-speed record and "nozzle increased density", 
and a list. 

[0020] Moreover, the imusual oscillation occurred in the meniscus at the time of expulsion of an ink 
droplet as another trouble in the conventional ink jet recording head, and there was a problem that the 
regurgitation phenomenon of an ink droplet destabilized. About the mechanism which an unusual 
meniscus oscillation generates, conventionally, no detailed examination is made and the prevention 
approach is not clarified, either. Below, it explains in accordance with the examination resuh by this 
invention persons. 

[0021] Drawing 39 is a graph which shows an example of the observation of the meniscus oscillation 
observed by laser-doppler measurement, (a) is shown and (b) always [ forward ] shows the time of 
abnormalities, respectively. To originally a meniscus oscillation as shown in drawing 39 (a) being 
obtained, as shown in drawing 39 (b), the detailed oscillation was overlapped on the meniscus 
oscillation observed actually. If such a detailed oscillation is overlapped on a meniscus, the regurgitation 
of an ink droplet will become instability dramatically. In order to perform the regurgitation of a minute 
drop using oil-level interference of a meniscus, when the above-mentioned detailed oscillation is 
overlapped on a meniscus oscillation, it becomes impossible to expect the normal minute drop 
regurgitation - the regurgitation of a minute drop becomes impossible or an unnecessary ink droplet is 
breathed out by reverse - especially m the meniscus control system mentioned above. 
[0022] This invention aims at providing with the manufacture approach of an ink jet recording head, and 
the actuation approach the ink jet recording apparatus which carried the Inkjet recording head which can 
be made to be able to breathe out the "large drop" of necessary size from the same nozzle, and can 
realize "nozzle increased density", and can raise the expulsion-of-an-ink-droplet effectiveness per unit 
area, and such an ink jet recording head, and a list, avoiding enlargement and a cost rise of head size in 
view of the above. 

[0023] Moreover, this invention makes the both sides of the "large drop" of necessary size, and a 
"globule" breathe out selectively from the same nozzle, and aims at offering the ink jet recording head 
which enables coexistence of high-speed record and high-definition record. Further, this invention 
prevents the shimmy of a meniscus and aims at realizing an ink jet recording head with high 
regurgitation stability. 
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MEANS 



[Means for Solving the Problem] Although it is very difficult to be simultaneously satisfied with the 
conventional ink jet recording head of three conditions of "nozzle increased density" in addition to 
implementation of the "large drop regurgitation" from the same nozzle, and the "globule regurgitation", 
an example is explained below, citing the reason. First, considering the "large drop regurgitation", the 
volume of the maximum ink droplet which can carry out the regurgitation in an ink jet recording head is 
mostly in agreement with volume variation (excluded volxxme) deltaV which generates a pressure room 
so that it may mention later (refer to formula (2)). That is, it is necessary to make the pressure interior of 
a room generate a volume change almost equivalent to the ink droplet which carries out the 
regurgitation. Therefore, in order to obtain the big drop volume, it is necessary to increase the actuation 
area (area of base of a pressure room) of an electrostrictive actuator, and to increase deltaV. 
[0025] For example, when the amount of displacement of an electrostrictive actuator is set to 0.1 
micrometers, the regurgitation of drop volume lOpl can be performed in about two 1x10 to 7 m 
actuation area, but when you are going to make it increase the drop volume to 20pl(s), a twice [ about ] 
as many actuation area (2x10 to 7 m2) as this is needed, consequently, the number of nozzles per unit 
area (nozzle consistency) - about ~ it will decrease to one half That is, if low resolution record tends to 
be realized and it is going to enlarge the drop volume for high-speed record, the size of a pressure room 
will increase and a nozzle consistency will fall as the result. Thus, since the "large drop regurgitation" 
and "nozzle increased density" have the relation of a trade-off, it is very difficult to realize 
simultaneously low resolution record and the increment in the nimiber of nozzles (nozzle increased 
density). 

[0026] Next, the "globule regurgitation" is considered. Since it is shown below in order for a meniscus 
control system to perform the minute drop regurgitation, it is necessary to set up short the natural period 
Tc of the pressure wave which the pressure interior of a room is made to generate. That is, with a 
meniscus control system, as drawing 38 explained, after drawing a meniscus 92 in a pressure room side 
first and making a meniscus 92 into a concave bend configuration, the thin liquid column 93 is formed 
by extruding a meniscus 92 toward a nozzle outside. It was shown clearly that the size of the liquid 
column which this invention persons examine the formation mechanism of a liquid colunm 93 in a 
detail, consequently is formed is dependent on the oiMevel rate at the time of extruding a meniscus. 
[0027] Drawing 32 is the sectional view having shown typically the behavior of the meniscus at the time 
of using a meniscus control system. Namely, if a pressure is applied in the direction extruded outside to 
the meniscus 92 of a concave bend side configuration, each part of a meniscus 92 tends to move in the 
direction of a normal of an oil level, as shown in drawing 32 (a). Consequently, a lot of ink focuses on a 
nozzle center section, and a hquid column 93 is formed in the center section of the nozzle 91 of this 
local increment in the volume. Since the increment rate in the volume in a nozzle center section also 
becomes large at this time so that the passing speed of an oil level is quick, the very thin liquid column 
93 is formed with a quick growth rate. On the contrary, since the rate of the increment in the volume 
also becomes small as shown in dravying 32 (b) when the passing speed of an oil level is slow, a hquid 
column 93 becomes thick and a growth rate becomes small. 
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[0028] The drop diameter of the ink droplet 94 breathed out with a meniscus control system is mostly in 
agreement with the size of the liquid column 93 formed. Moreover, the flight rate (drop speed) of an ink 
droplet is mostly in agreement with the growth rate of a liquid column 93. Therefore, in order to make 
the minute ink droplet 94 fly at high speed, the above-mentioned oil-level passing speed is made to 
increase, and it becomes important conditions to produce the rapid increment in the volume in the nozzle 
center section. Here, the natural period Tc of a pressure wave is governing oil-level passing speed. That 
is, the velocity of vibration of the meniscus 92 at the time of expulsion of an ink droplet is dependent on 
the natural period Tc of a pressure wave, and it increases, so that a natural period Tc is short, the 
velocity of vibration, i.e., the oil-level passing speed, of a meniscus. Therefore, when carrying out the 
regurgitation of the minute drop with a meniscus control system, it becomes so advantageous that the 
natural period Tc of a pressure wave is short. 

[0029] Drawing 33 is a graph which indicates the result of having investigated relation with the natural 
period Tc of a pressure wave to be the minimum drop diameter acquired with a meniscus control system. 
This graph shows that the minimum drop diameter decreases, so that a natural period becomes short. 
Although it is dependent on the diameter of a nozzle, ink viscosity, etc., the minimum ink droplet 
volume obtained needs to set a natural period Tc as 12 or less microseconds still more desirably 15 or 
less microseconds by the general ink jet recording head whose viscosity of the ink which the diameter of 
a nozzle is 20-30 micrometers, and uses is 2-5cps, in order to make possible the regurgitation [ the 
minute drop of 2-4pl suitable for high-definition record ]. 

[0030] However, the "large drop regurgitation" and reciprocity relation which were described previously 
have reduction of a natural period Tc. That is, if the size of a pressure room is greatly set up in order to 
realize the "large drop regurgitation", the natural period of a pressure wave will become very long. This 
is because a natural period Tc becomes long depending on the acoustic capacitance sum (cO+cl) of a 
pressure room and an oscillating element (diaphragm + electrostrictive actuator) with the big pressure 
room and big oscillating element of size suitable for the "large drop regurgitation" as for the natural 
period Tc of a pressure wave. For example, although it is easy to realize the ink jet recording head 
whose large drop volume is lOpl(s) and whose natural period is 10 microseconds, if it is going to 
increase the large drop volume to 20pl(s), a natural period Tc will be set to about 20 twice [ about ] as 
many microseconds as this. 

[0031] Then, this invention persons receive having performed adjustment of the drop volume and a 
natural period Tc conventionally, combining the parameter of a large number in connection with head 
structure by trial and error. In the Inkjet recording head using the electrostrictive actuator which bends 
and deforms fi-om various experimental results That the substantial parameter which governs the drop 
volume and a natural period Tc is only the acoustic capacitance of an oscillating element by specifying 
the range where the acoustic capacitance of a header and an oscillating element is proper It came to 
invent this invention which realizes coexistence and "nozzle increased density" of the "large drop 
regurgitation" of necessary size, and the "globule regurgitation." 

[0032] In order to attain the above-mentioned object, the ink jet recording head concerning this 
invention A nozzle, the pressure room which is open for free passage for this nozzle, and the diaphragm 
which forms a part of wall surface of this pressure room, By generating a pressure wave in the ink with 
which it had the electrostrictive actuator joined to said diaphragm so that it might correspond to said 
pressure room, and the oscillating element which consists of said diaphragm and said electrostrictive 
actuator deformed, and said pressure interior of a room was filled up It is the ink jet recording head in 
which an ink droplet carries out the regurgitation fi-om said nozzle, and acoustic capacitance of said 
oscillating element is characterized by being more than 2.0x1 0-20m5/N. 

[0033] The acoustic capacitance (cO) of an oscillating element is a parameter showing the rigidity of an 
oscillating element, an oscillating element tends to bend, namely, that cO is large means that it is easy to 
generate the big excluded volume of a pressure room. The value of various experimental results and 
structural-analysis results which are mentioned later to 2.0x1 0-20m5/N can be said to be the value 
optimal as a lower limit of acoustic capacitance cO fi-om a viewpoint that the regurgitation of the "large 
drop" of 15 or more pis required for low resolution record of 600 or less dpi is reahzable. 
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[0034] For example, characterization was carried out to each about the example which changed 
variously thickness tp of an electrostrictive actuator, the thickness tv of a diaphragm, and the pressure 
room width of face W. Consequently, acoustic capacitance cO >=2.0xlO-20[m5/N] 
although the regurgitation of the "large drop" of 15 or more pis was able to be carried out under ****** 
- acoustic capacitance c - 0< 2.0x10-20 [m5/N] 

Under ******, the regurgitation of the "large drop" of 15 or more pis could not be carried out, and 
sufficient image concentration was not able to be obtained. 

[0035] That is, in this invention, by having specified the acoustic capacitance cO of an oscillating 
element more than 2.0x1 0-20m5/N, the excluded volume of 15 or more pis by the oscillating element 
can be obtained, and the regurgitation of the large drop of 15 or more pis can be carried out from one 
nozzle. 

[0036] It is desirable to set the upper limit of the acoustic capacitance of an oscillating element as 
5.5xlO-19m5/N in the desirable Inkjet recording head of this invention. Although this invention persons 
could realize the "large drop regurgitation" by setting acoustic capacitance cO as the value more than 
2.0x1 0-20m5/N, when acoustic capacitance cO was too large, the natural period of the pressure wave 
generated in the pressure interior of a room increased, and they confirmed that the evil of it becoming 
impossible to perform the "globule regurgitation" occurred. And based on the various experimental 
results mentioned later, it hit on an idea by setting the upper limit of acoustic capacitance cO as 5.5x10- 
19m5/N to prevent generating of the above-mentioned evil. 

[0037] For example, although the "large drop" of 15 or more pis was able to carry out the regurgitation 
when the regurgitation experiment was conducted under the conditions of acoustic capacitance 
cO>5.5xlO-19m5/N, the regurgitation of the "globule" of 4 or less pis was not able to be carried out. In 
order to secure large drop volume of 15 or more pis and to obtain globule volume of 4 or less pis from 
this result, it checked that it was optimal to set the acoustic capacitance cO of an oscillating element to 
more than 2.0xlO-20m5/N and below 5.5xlO-19m5/N. 

[0038] In the desirable ink jet recording head of this invention, the control of a driver voltage wave 
impressed to said oscillating element is answered, and the drop volume of the ink droplet which carries 
out the regurgitation from said nozzle changes to a multistage story. In this case, since the low resolution 
record by the large drop and the high-definition record by the globule are simultaneously realizable, the 
effectiveness that it is compatible in high-speed record and high-definition record is acquired. 
[0039] Moreover, it is desirable that the maximum drop volume of the ink droplet which carries out the 
regurgitation from said nozzle is set as 15 or more pis. In this case, since it becomes possible to set 
record resolution as 600 or less dpi, the effectiveness that a recording rate can be increased is acquired. 
The driver voltage wave impressed at the time of the regurgitation of the ink droplet of 15 or more pis 
should be constituted including at least the 1st electrical-potential-difference change process of 
impressing an electrical potential difference in the direction which shrinks the volume of said pressure 
room, and making an ink droplet breathing out, and the 2nd electrical-potential-difference change 
process of impressing an electrical potential difference in the direction which expands the volume of 
said pressure room. 

[0040] Or it is also a desirable mode that the minimum drop volume of the ink droplet breathed out from 
said nozzle is 4 or less pis. In this case, in the highlights section, the low smooth image recording of 
graininess becomes possible, and the effectiveness that high-definition record is reaUzable is acquired. 
The driver voltage wave impressed at the time of the regurgitation of the ink droplet of 4 or less pis The 
1st electrical-potential-difference change process of impressing an electrical potential difference in the 
direction which expands the volume of said pressure room, By forming the Uquid column which 
impresses an electrical potential difference in the direction which compresses the volume of said 
pressure room, and has a path smaller than the diameter of opening of said nozzle in said nozzle, and 
making an ink droplet separate from the head of this liquid colmnn It should constitute including the 2nd 
electrical-potential-difference change process for performing the regurgitation of a minute ink droplet at 
least. 

[0041] Furthermore, the aspect ratio in said pressure room and each flat-surface configuration of an 
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electrostrictive actuator is preferably set as abbreviation 1, respectively. The "aspect ratio" in this 
invention means the ratio of the longest width of face in the flat-surface configuration of an oscillating 
element, and the shortest width of face. If an aspect ratio is set as abbreviation 1, the regurgitation 
effectiveness per unit area can be maximized and it will become possible to realize an ink jet recording 
head with a high nozzle consistency. As a flat-surface configuration of an oscillating element, it can 
choose any of an abbreviation equilateral triangle, an abbreviation square, an approximate regular 
hexagon, and an approximate circle form they are. 

[0042] It is desirable to set the flat-surface dimension (plane area) of a pressure room as 2 0.09-0.5mm, 
and to set the thickness of a diaphragm and an electrostrictive actuator as 5-20 micrometers and 15-40 
micrometers here, respectively. Thereby, in the Inkjet recording head in which an aspect ratio has the 
pressure room of abbreviation 1 , the acoustic capacitance cO of an oscillating element can be set to more 
than 2.0x1 0-20m5-/N and below 5.5xl0-19m5-y^, and the effectiveness that it is compatible in the 
"large drop regurgitation" and the "globule regurgitation" is acquired. 

[0043] Here, as for the acoustic capacitance of an oscillating element, it is desirable to be set up more 
greatly than the acoustic capacitance of a pressure room. In this case, the shimmy of a meniscus can be 
controlled, an oscillation of a meniscus can be normalized and the effectiveness that the stability of 
expulsion of an ink droplet can be improved can be acquired. 

[0044] moreover « if the inertance of cc and said oscillating element is set [ the natural period of the 
pressure wave generated in said pressure interior of a room ] to mO for the synthetic acoustic capacitance 
of Tc, said oscillating element, and a pressure room - a degree type ~ mO<2.5xlO-4Tc2/cc [kg/m4] 
It is a desirable mode that it is also satisfied. Excitation of the vibration system which is inherent in an 
Inkjet recording head can be controlled by this, the effect of the above-mentioned meniscus shimmy can 
be controlled further, and it becomes possible to reahze the ink jet recording head excellent in 
regurgitation stability. 

[0045] When width of face of delta and said electrostrictive actuator is set [ the width of face of said 
pressure room ] to Wp for the amount of location gaps of the core of W and said pressiu^e room, and the 
core of the actuator of said electrostrictive actuator, they are degree type Wp<= (W-2delta) or Wp>= 
(W+2delta). 

It is desirable that it is satisfied. In this case, the support condition of an electrostrictive actuator edge 
becomes always fixed, and the robustness (insensibility) over a location gap of an electrostrictive 
actuator improves. 

[0046] Moreover, when width of face of delta and said electrostrictive actuator is set [ the width of face 
of said pressure room ] to Wp for the amount of location gaps of the core of W and said pressure room, 
and the core of the actuator of said electrostrictive actuator, it is degree type 0.9(W-2delta) <=Wp<= 
(W-2delta). 

It is a desirable mode that it is also satisfied. Thereby, even when junction location gap occurs between 
an electrostrictive actuator and a pressure room, it can prevent that the big change in regurgitation 
effectiveness arises, and it becomes possible to secure still higher regurgitation effectiveness. 
[0047] It is desirable that the ink droplet breathed out from said nozzle reaches the target on a record 
medium in the record resolution of 600 or less dpi. In this case, since quality, such as an alphabetic 
character recorded, is also securable while the number of dots which is needed for record can be 
lessened and it becomes advantageous to high-speed record, the effectiveness that coexistence of high- 
speed record and high-definition record is attained is acquired. Moreover, it is also a desirable mode that 
the natural period Tc of the pressure wave generated in said pressure interior of a room is set as 15 or 
less microseconds. In this case, it becomes possible to carry out the regurgitation of the small ink droplet 
of a path with a meniscus control system, and the effectiveness that image quality can be improved is 
acquired in the output of a photograph etc. 

[0048] Moreover, it is also a desirable mode that said electrostrictive actuator is equipped with the 
actuator stationed to the field equivalent to said pressure room, the electrode pad section arranged to the 
field equivalent to the outer wall of said pressure room, and the bridge section which connects the both 
sides of said actuator and said electrode pad section. The phenomenon in which deformation of an 
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electrostrictive actuator is barred by the electrode pad section can be controlled by this, and it becomes 
possible to realize an ink jet recording head with high regurgitation effectiveness. If said bridge section 
is connected with the location distant from the core of said actuator, the restraint over deformation of 
said actuator can be minimized and the effectiveness that the regurgitation effectiveness of a head can be 
increased can be acquired. 

[0049] Moreover, it is also a desirable mode that two-dimensional array of said nozzle is carried out to 
the shape of a matrix. In this case, since it becomes possible to increase the number of nozzles in a head, 
the effectiveness that a recording rate can be increased substantially is acquired. 
[0050] A dummy pattern is arranged so that the periphery section of the electrostrictive actuator field 
where two or more arrays of the electrostrictive actuator were carried out may be surrounded preferably. 
Thereby, in case an electrostrictive actuator is processed by the sandblasting processing method, 
aggravation of the process tolerance resuhing from side etching can be prevented, and the effectiveness 
that an ink jet recording head with the high homogeneity of a regurgitation property is realizable is 
acquired. A dummy pattem can be arranged also between the electrostrictive actuators in the interior of 
an electrostrictive actuator field. In this case, the effectiveness that the effect of the above-mentioned 
side etching can be controlled further is acquired, 

[005 1] In the desirable Inkjet recording head of this invention, it has the wiring substrate with which the 
signal line was formed, this wiring substrate is arranged in a wrap location in the upper part of said 
electrostrictive actuator by which matrix arrangement was carried out two-dimensional, and said 
electrostrictive actuator and said wiring substrate are electrically coimected through the bump. Thereby, 
also in the matrix-like array head which carried out the high density array, positive electrical connection 
becomes possible to each electrostrictive actuator. That is, since a signal line can be arranged to a plane 
different from an oscillating element, arrangement of a signal line does not spoil the high density array 
of a pressure room, and the high density array of a pressure room is attained. 
[0052] Moreover, it is desirable that said bump is constituted with conductive core material and the 
jointing material for corrugated fibreboard which carried out the coat to the periphery section of this 
core material. In this case, since it becomes possible to form a gap between an electrostrictive actuator 
and a wiring substrate after electrical connection, the poor property of the electrostrictive actuator 
resulting from contact to an electrostrictive actuator and a wiring substrate can be prevented, and a 
reliable ink jet recording head can be reaUzed. Furthermore, it is desirable that said core material is 
formed in the shape of a semi-sphere. In this case, the contact condition of an electrostrictive actuator 
and a bump can be equalized, and while the stable electrical connection becomes possible, the 
effectiveness that destruction of the electrostrictive actuator at the time of electrical connection can be 
prevented is acquired. As for said vming substrate, it is desirable that a resin base material and a metallic 
conductor are included. In this case, the contact condition of an electrostrictive actuator and a bump can 
be equalized further. 

[0053] The manufacture approach of the Inkjet recording head concerning this invention is the 
manufacture approach of manufacturing said ink jet recording head, and is characterized by carrying out 
patterning by sandblasting processing of said electrostrictive actuator. 

[0054] By the manufacture approach of the Inkjet recording head concerning this invention, since 
patterning of an electrostrictive actuator is performed by sandblasting processing, the electrostrictive 
actuator of a complicated configuration suitable for maximization and electrical connection of 
regurgitation effectiveness is realizable with close dimensional accuracy and a low manufacturing cost. 
[0055] The Inkjet recording apparatus concerning this invention is characterized by having said ink jet 
recording head. According to such an ink jet recording apparatus, an ink jet recording apparatus 
compatible in a high recording rate and high drawing quality is realizable. 

[0056] The actuation approach of the ink jet recording head of the 1st view conceming this invention A 
nozzle, the pressure room which is open for free passage for this nozzle, and the diaphragm which forms 
a part of wall surface of this pressure room, By compressing the ink with which it had the 
electrostrictive actuator joined to said diaphragm so that it might correspond to said pressure room, and 
the oscillating element which consists of said diaphragm and said electrostrictive actuator deformed, and 
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said pressure interior of a room was filled up In the actuation approach of driving the ink jet recording 
head in which an ink droplet carries out the regurgitation from said nozzle The 1st electrical-potential- 
difference change process of setting up the acoustic capacitance of said oscillating element more than 
2.0xlO-20m5/N, impressing an electrical potential difference in the direction which makes said 
oscillating element contracting the volume of said pressure room, and making an ink droplet breathing 
out, It is characterized by carrying out the regurgitation of the ink droplet of 15 or more pis by 
impressing a driver voltage wave including the 2nd electrical-potential-difference change process of 
impressing an electrical potential difference in the direction which expands the volume of said pressure 
room. 

[0057] By the actuation approach of the ink jet recording head of the 1st view of this invention, the 
effectiveness that the regurgitation of an ink droplet with the big drop volume which is needed for low 
resolution record of 600 or less dpi is realizable good is acquired. 

[0058] The actuation approach of the Inkjet recording head of the 2nd view concerning this invention A 
nozzle, the pressure room which is open for free passage for this nozzle, and the diaphragm which forms 
a part of wall surface of this pressure room, By compressing the ink with which it had the 
electrostrictive actuator joined to said diaphragm so that it might correspond to said pressure room, and 
the oscillating element which consists of said diaphragm and said electrostrictive actuator deformed, and 
said pressure interior of a room was filled up In the actuation approach of driving the ink jet recording 
head in which an ink droplet carries out the regurgitation from said nozzle The 1st electrical-potential- 
difference change process of impressing an electrical potential difference in the direction which the 
acoustic capacitance of said oscillating element is set [ direction ] to more than 2.0x1 0-20m5/N and 
below 5.5xlO-19m5-/N, and expands the volume of said pressure room to said oscillating element. By 
impressing an electrical potential difference in the direction which compresses the volume of said 
pressure room, and impressing a driver voltage wave including the 2nd electrical-potential-difference 
change process for forming the liquid column of a path smaller than the diameter of opening of this 
nozzle in said nozzle, making an ink droplet separate from the head of this hquid column, and 
performing the regurgitation of a minute ink droplet It is characterized by carrying out the regurgitation 
of the ink droplet of 4 or less pis. 

[0059] By the actuation approach of the Inkjet recording head of the 2nd view of this invention, the 
effectiveness that image recording with the low high drawing quality of graininess is realizable is 
acquired. 
[0060] 

[Embodiment of the Invention] It precedes explaining the example of an operation gestalt of the Inkjet 
recording head concerning this invention, and the relation between the operating characteristic of an 
oscillating element and the ink droplet volume is explained first. That is, although it is a mechanical 
system since an oscillating element generates a physical oscillation when it is seen in phenomenon, the 
ink jet recording head is intermingled for them and equipped with the acoustical system of ink passage, 
and the electric system of an actuation circuit besides the mechanical system. Since the differential 
equation description is a highly uniform, equivalent transformation of the these 3 system can be carried 
out mutually. Therefore, all are unified into an acoustical system here and actuation of a recording head 
is considered as one acoustic circuit. 

[0061] A mechanical system can express the operating characteristic of an oscillating element 

(diaphragm + electrostrictive actuator) only with mass [kg], compliance [m/N], and three parameters of 

attenuation [Ns/m]. If equivalent transformation of these is carried out to an acoustical system, the 

operatmg characteristic of an oscillating element can be expressed only with an inertance mO [kg/m4], 

acoustic capacitance cO [m5/N], and three parameters of acoustic resistance rO [Ns/m5]. 

[0062] If the above-mentioned acoustical system parameter is used, one oscillating element can be 

expressed as an equal circuit (acoustic circuit) shown in dravsdng 1 . Here, psi expresses a pressure [Pa]. 

Moreover, drawing 2 (a) is the equal circuit which connected the passage system with the oscillating 

element, and transposes the ink jet recording head shown in drawdng 34 to an equal circuit. 

[0063] It is here, and in an oscillating element and 1, a pressure room and 2 mean an ink supply way. 
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and 3 means [ u / [m3/s], volume velocity, and 0 of a subscript ] the nozzle, respectively. Head 
properties, such as ink droplet volume, drop speed, and a natural period of a pressure wave, can be 
searched for by analyzing this circuit using a circuit simulator etc. and investigating change of the 
volume velocity u3 of the nozzle section. 

[0064] Drawing 3 (a) - (c) is the resuU of investigating the relation between the acoustic capacitance cO 
of an oscillating element, an inertance mO and acoustic resistance rO, and excluded volume dehaV using 
the equal circuit of drawing 2 (a), respectively. In addition, excluded volume deUaV is a parameter 
which is mostly in agreement with the drop volume q so that it may mention later. From this result, to 
hardly affecting excluded volume deltaV (drop volume q), cO is large to deltaV, mO and rO influenced, 
and the inclination which deltaV increases became clear, so that cO was large. That is, it became clear 
that only cO influences a regurgitation property (drop volume q) among the acoustic capacitance cO of an 
oscillating element, an inertance mO, and acoustic resistance rO. 

[0065] Since the inertance mO and acoustic resistance rO of an oscillating element cannot have big effect 
on a regurgitation property (drop volmne) and the acoustic capacitance c3 of a nozzle can also be 
disregarded to the acoustic capacitance cO of an oscillating element, and the acoustic capacitance cl of a 
pressure room, the circuit of dravying2 (a) can be simplified like drav^ng 2 (b). Here, it assimies that the 
relation of ni2=k-m3 and r2=k-r3 is realized, and when theoretical analysis is performed about the case 
where the step-fimction-pressure psi is inputted, the volume velocity u3 in the nozzle section is 
expressed to the inertance and acoustic resistance in a nozzle and a supply way like a degree type. 
[0066] 
[Formula 1] 

U3(t)= exp(-Dc-t) sln(Ec-t) (1) 



C=Cq+Ci 




[0067] Since volume [ of the ink droplet (large drop) breathed out from a nozzle ] q [m3] is almost equal 
to the area of the slash section shown in dravying 39 (a), q is expressed by the degree type. 
[0068] 
[Formula 2] 

q=JeU3dt (2) 

m2+rn3 

[0069] phi [PaA/] is an electroacoustic transduction multiplier (= psiA^), and is a parameter showing the 
magnitude of the pressure generated in per unit electrical potential difference. In the ink jet recording 
head using the electrostrictive actuator which carries out bending deformation, this electroacoustic 
transduction multipher phi is a very important parameter which influences the drop volume 
(regurgitation effectiveness). However, about the relation between head structure and phi, there is no 
example investigated in detail in the past. Then, this invention persons investigated about the relation 
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between head structure and phi by structural analysis which used the finite element method. 
[0070] What is necessary is just to use the following approaches, in order to ask for phi by structural 
analysis. First, an oscillating element is modeled and tiie deformation condition of the oscillating 
element at the time of impressing applied voltage V is searched for. Next, a pressure is applied to an 
oscillating element and it asks for the pressure p required in order to return the deformation of an 
oscillating element to zero. Based on tiie value of this p, the value of phi is calculated as phi=pA^. 
Moreover, the acoustic capacitance cO of an oscillating element is similarly computed as cO=deltaV/p by 
asking for excluded volume deltaV generated when a pressure p is applied and an oscillating element is 
made to deform. 

[0071] Drawing 4 (a) is a graph which shows the result of having changed each parameter in connection 
with head structure in the large range, having performed structural analysis, and having calculated the 
value of cO and phi. It is the range of 9x10-8 to 1x10 to 6 m2 about a pressure room and the area in the 
plane view of an electrostrictive actuator, and, specifically, the aspect ratio in a pressure room and the 
flat-surface configuration of each electrostrictive actuator was changed in 1-20. Moreover, in metal 
plates, such as stainless steel, it changed in 5-20 micrometers, and diaphragm thickness was changed in 
20-100 micrometers with the polyimide film. Furthermore, electrostrictive actuator thickness was 
changed in 10-50 micrometers, the piezoelectric constant was changed, respectively in the range of 
1x10-10 - 3x10-10 mA^, structural analysis was performed to various combination, and the value of phi 
and cO was calculated. Consequently, as for acoustic capacitance cO, it became clear that 1x10-21 - 
5xlO-18m5/N and phi changed in the range of 4x103 - 4x104 PaA^. 

[0072] The result of having investigated relation with phi-c 0 (the parameter which determines the drop 
volume per unit electrical potential difference; referring to said formula (2)), andcO based on the above- 
mentioned analysis result is shown in drawing 4 (b). Although the relation between cO and phi-c 0 is 
distributed within the limits of the slash section in a graph firom this result, in order to obtain the big 
drop volume (big phi-c 0) as a generality, it is cO >=2,0xl0-20[m5/N]. 
It became clear that it is necessary to set up. 

[0073] That is, in order to secure the big drop volume (regurgitation effectiveness) in the ink jet 
recording head which bent and used the deforming electrostrictive actuator, it is cO >=2.0xlO-20[m5/N]. 

** - it becomes important conditions. Acoustic capacitance cO is a parameter showing the rigidity of an 
oscillating element, an oscillating element tends to bend, namely, that cO is large means that it is easy to 
generate big excluded volume deltaV. Moreover, the value of 2.0x1 0-20m5/N can be said to be the 
value for which it was suitable as a lower limit of acoustic capacitance cO also firom a viewpoint of 
obtaining the large drop of 15 or more pis which enables low resolution record of 600 or less dpi so that 
it may state below. 

[0074] When a diaphragm is constituted firom metaUic materials (stainless steel, nickel, etc.) and a 
piezoelectric constant is made into abbreviation 3x10-10 mA^ as conditions the most suitable when 
producing a actual ink jet recording head, and general, the relation between cO and phi-c 0 comes to be 
shown in drawing 5 and drawing 6 . 

[0075] Another graph with which drawing 5 shows the relation between cO and phi-c 0, and drawing 6 
are the graphs to which a part of drawing 5 was expanded. That is, when diaphragm construction 
material and a piezoelectric constant were fixed, even if it changed values, such as diaphragm thickness, 
electrostrictive actuator thickness, and an aspect ratio, it became clear that the relation between cO and 
phi-c 0 is plotted on about one curve. It means that this, i.e., phi among the parameters which govem the 
drop volume q, can be treated as a fimction of cO. 

[0076] In a general ink jet recording head, m2 and m3 in said formula (2) are set up with m2**m3 so 
that it may mention later. Moreover, if applied voUage V considers an actuation circuit and power- 
source cost, about 40V will become an upper limit. Therefore, among the parameters of a formula (2), 
since m2/(m2+m3) and applied voltage V are parameters actually unchangeable into arbitration and phi 
is a parameter depending on cO, it can be said that the parameter which is governing the drop volume q 
is only cO substantially. 
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[0077] Then, cO [ required to obtain drop volume of 15 or more pis from the result of drawing 6 ] is 
calculated. As mentioned above, since it can place with m2/(m2+m3) **l/2, and V<=40 [V], in order to 
secure drop volume of 15 or more pis, it is necessary to set up phi-c 0 more than 4xlO-16m3A^. If this is 
applied to the graph of drawing 6 , it will become the conditions of cO >=2.0xlO-20m5/N. That is, cO 
>=2.0xlO-20m5/N serves as important conditions also from a viewpoint of obtaining drop volume of 15 
or more pis which was suitable for low resolution record by the ink jet recording head which bent and 
used the deforming electrostrictive actuator. 

[0078] As stated above, it bends and the point of having specified the header and the proper lower limit 
of cO for the substantial parameter which govems the drop volume in the ink jet recording head using the 
deforming electrostrictive actuator being only cO is one of the descriptions of this invention. It is very 
effective to have arranged the rule parameter only to one of the cO as mentioned above, and to have 
clarified the optimal range to conventionally having adjusted the drop volume, combining the parameter 
of a large number in connection with head structure by trial and error, when performing the optimization 
design of a head. 

[0079] Next, the pressure room configuration of reconciling the "large drop regurgitation" and "nozzle 
increased density" is considered. Since the parameter which is governing the drop volume substantially 
is only cO as mentioned above, in order to reconcile the "large drop regurgitation" and "nozzle increased 
density", it is important to maximize cO per unit area. 

[0080] It depends for acoustic capacitance cO on the configuration of an oscillating element greatly. 
Then, it investigated about the oscillating element configuration which can maximize cO per xmit area. 
Drawing 7 is the result of calculating cO from each configuration from which area is the same as that of, 
and an aspect ratio (aspect ratio) differs about a square pressure room. Drawing 7 shows that acoustic 
capacitance cO increases, so that the aspect ratio of the flat-surface configuration of a pressure room 
approaches 1 (i.e., so that it is a configiu-ation near a square). That is, if the pressure room of a flat- 
surface configuration with the aspect ratio near 1 is used, it will become possible to obtain the big 
acoustic capacitance cO in a small occupancy area, and will become advantageous to improvement in a 
nozzle consistency. 

[0081] In order to set up the regurgitation effectiveness per unit area highly from the result shown in 
drawing 7 , it is required to set up the aspect ratio of a pressure room between 0.3-3 at least. 
Furthermore, it is desirable to set up an aspect ratio between 0.8-1.2. In this case, an aspect ratio = as 
compared with the optimum conditions of 1, decline in regurgitation effectiveness can be dedicated to 
30% or less. 

[0082] Here, an "aspect ratio" means the value which shows the ratio (B/A) of the longest width of face 
(A) in the flat-surface configuration of a pressure room, and the shortest width of face (B), as shown in 
drawing 8 (a) - (d) explaining the definition of an aspect ratio. Moreover, when the aspect ratio of the 
flat-surface configuration of a pressure room is set as abbreviation 1, the aspect ratio of an oscillating 
element also usually serves as abbreviation 1. That is, the oscillating element consists of actuators (afler- 
mentioned) of a diaphragm and an electrostrictive actuator, and since the actuator of an electrostrictive 
actuator is made into the flat-surface configuration of a pressure room, and a configuration mostly in 
agreement, the aspect ratio of an oscillating element also serves as abbreviation 1. 
[0083] Although drawing 7 is the result of investigating about a square pressure room, the same result 
that cO becomes max by aspect ratio =1 is obtained also about the polygon containing the other triangle, 
a pentagon, and a hexagon, and the ellipse form. Therefore, an aspect ratio = generally the conclusion 
that 1 is the optimal is appliable also about the pressure room of other configurations other than a 
square. 

[0084] Next, the cause of the unusual meniscus oscillation shown in drawing 39 (b) is described. 
Drawing 9 is a graph which shows the result of having investigated the frequency response of the 
equivalence electrical circuit of drawing 2 (a). Since the peak exists in 130kHz and 1.3MHz in this 
graph, as for this circuit, it turns out that it has two resonance frequency. Drawing 10 is the circuit 
diagram which rewrote the equivalence electrical circuit of drawing 2 (a) and in which showing the 
equivalence electrical circuit of one ejector. When a circuit is rewritten in this way, it tums out that the 
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two vibration system A and B is included in this circuit. 

[0085] That is, it is possible that two resonance frequency looked at by drawing 9 is equivalent to each 
resonance frequency of vibration system A and B. It generates according to vibration system A, and the 
original meniscus oscillation used for expulsion of an ink droplet can understand generating of a 
meniscus oscillation like drawing 39 (b), if it thinks that the short oscillation of the period by vibration 
system B is overlapped on this. The natural period Tc of vibration system A is expressed like a degree 
type. 
[0086] 

[Formu la 3] 



[0087] The point that cO and cl are parallel connection in vibration system A is characteristic, therefore 
the natural period Tc of a meniscus oscillation is c (=cO+cl). 

It rules "Be alike" over. On the other hand, the natural period TB of vibration system B is expressed like 
a degree type. 
[0088] 
[Formu la 4] 



[0089] cc in a formula 4 is the synthetic acoustic capacitance at the time of carrying out the series 
connection of the acoustic capacitance cO of an oscillating element, and the acoustic capacitance cl of a 
pressure room, and is expressed with a degree type. 
[0090] 
[Formula 5] 



[0091] That is, the point that the synthetic acoustic capacitance cc to which the series connection of cO 
and cl was carried out rules over is the description of vibration system B. This vibration system B 
differs from the natural frequency of the oscillating element itself seen by the Inkjet recording head 
using the longitudinal-oscillation mold electrostrictive actuator indicated by JP,6-171080,A etc. 
Vibration system B is one of the vibration system formed by connecting an oscillating element and a 
passage system (pressure room) to the last instead of the natural-frequency system of the oscillating 
element itself. 

[0092] As mentioned above, it bends, and in the deforming electrostrictive actuator, since two vibration 
system exists in a recording head, in order to obtain a normal meniscus oscillation, it is required to 
control the effect of the above-mentioned vibration system B. It is necessary to ftilfiU two conditions 
which make the vibration amplitude of vibration system B small (conditions 1), and make it TB«Tc 
(conditions 2) for this implementation. Hereafter, the concrete cure for fulfilling two conditions is 
described. 

[0093] The response of the vibration system B when inputting the step-fimction-pressure psi can be 
expressed like a degree type. 
[0094] 
[Formula 6] 





JL -1 
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UB(t)= 



moEo 



exp(-DB*t)8ln(EB't} 



(6) 




e}(p(-OB*t}sln(EB't) 




Ccmo 




[0095] That is, since the ampUtude of the volume velocity uB produced according to vibration system B 
is proportional to the 1 -/square of cc, in order to make the amplitude of vibration system B small, it 
needs to set up (conditions 1) and cc small. However, in order to make it not affect the amplitude or 
natural period of an original meniscus oscillation (vibration system A), it is c (=cO-l-cl). 
** ~ it is necessary to minimize cc under certain conditions 

[0096] Drawing 1 1 is a graph which shows the change of cc by the value of cO. In this graph, it 
calculated as cO+cl=10. This graph shows that what is necessary is just to set cO and cl as imbalance 
(out of balance) with setting out, cO>cl [ i.e., ], or cO<cl, in order to make cc small. However, it needs 
to be referred to as cO>cl, in order to reconcile the both sides of reservation of the drop volume, and 
amplitude reduction of vibration system B by that of since the drop volume q decreases as mentioned 
above if cO is made small. 

[0097] As shown in a degree type, the acoustic capacitance cl of a pressure room is proportional to the 
volume Wl of a pressure room. However, kappa is the bulk-modulus [Pa] of ink and alpha is a 
correction factor (0< alpha<l). 
[0098] 
[Formula 7] 



[0099] In the ink jet recording head which carries out the regurgitation of drop volxmie of 15 or more 
pis, the minimum of the area of base of a pressure room is about 9x10 to 8 m2, and the minimum of 
pressure room height is set to about 50 micrometers, in order to secure the fluidity of ink. Therefore, the 
acoustic capacitance cl of a pressure room serves as a value more than 2xlO-20m5/N. Therefore, in 
order to control the vibration amplitude of vibration system B small, it is necessary to set up with cO 
>=2xlO-20m5/N. That is, it is cO >=2xlO-20[m5/N] also from the viewpoint of preventing the effect of 
vibration system B and obtaining the stable meniscus oscillation. 
** - it becomes important conditions. 

[0100] Moreover, in order to reduce the effect vibration system B affects vibration system A, 
considering as TB«Tc (conditions 2) is also important. That is, if the natural period TB of vibration 
system B can be set up sufficiently small compared with Tc, it will become possible to suppress the 
substantial effect on meniscus behavior small. The natural period TB of vibration system B needs to 
make cc and mO small, in order to make TB small, since it is expressed with a formula (4). 
[0101] In order to perform fluid simulation and normal expulsion of an ink droplet from the result of a 
actual regurgitation experiment, it became clear that being referred to as TB<Tc/10 is desirable. 
Therefore, it is necessary to set up mO so that the conditions of a bottom type may be satisfied. 




[0102] 
[Formula 8] 



(8) 
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[0103] As stated above, the point which showed clearly that it is what the shimmy of the meniscus 
shown in drawing 39 (b) depends on the effect of the 2nd vibration system (vibration system B) 
contained in a head, and clarified fiirther the conditions which can control the adverse effect by vibration 
system B is also one of the descriptions of this invention. In addition, the example of disclosure which 
bent and made reference about existence of the above-mentioned vibration system B and its effect in the 
Inkjet recording head using the deforming electrostrictive actuator does not exist, as far as this invention 
persons get to know. 

[0104] As stated so far, from the "large drop regurgitation" and a viewpoint of "normalization (effect 
control of vibration system B) of a meniscus oscillation", it tumed out that cO is so advantageous that it 
is large. However, if cO is enlarged on the other hand as shown in a formula (3), a natural period Tc will 
increase. As mentioned above, in order to carry out the regurgitation of the minute drop with a meniscus 
control system, it is necessary to hold down a natural period Tc to below fixed. It is necessary to 
specifically set Tc as 15 or less microseconds. It is there, next the upper limit of cO is considered from a 
viewpoint of setting up a natural period Tc small. 

[0105] As shown in a formula (3), Tc is proportional to an m2 and m3/(m2+m3) 1 -/square. Inertance m 
is a parameter decided by duct cross-section A [m2] and duct die-length 1 [m] like a degree type. 
However, rho is the consistency [kg/m3] of ink. 



[0107] In a general ink jet recording head, the inertance m3 of a nozzle and the inertance m2 of a supply 
way are set up almost equally. Because, although the refill rate which is an ink supplement rate after the 
drop regurgitation as it is m3 »m2 becomes large, regurgitation effectiveness will fall (see the formula 
2). On the other hand, although regurgitation effectiveness increases that it is m3 «ni2, a refill rate will 
fall. Therefore, in a general ink jet recording head, in order to aim at coexistence with regurgitation 
effectiveness reservation and the increment in a refill rate, it is set up with m2**m3. 
[0108] Moreover, if it thinks from the actual nozzle dimensions of 30 micrometers or less of opening, 
i.e., a diameter, die length of 20 micrometers or more, and the nozzle dimensions used as 15 degrees or 
less of taper angles, m3 will become a four or more 2x107 kg/m value, therefore, m2 and m3/(m2-fm3) - 
- about — 1x107 kg/m4 serves as a lower limit. 

[0109] Moreover, as mentioned above, as for the acoustic capacitance cl of a pressure room, 
abbreviation 2xlO-20m5/N serves as a minimum. Therefore, in order to obtain the natural period Tc for 
15 or less microseconds from a formula (3), it is necessary to set acoustic capacitance cO below to 
5.5xlO-19m5/N. That is, like [ natural period / Tc ] the case of the drop volume q, although some 
determinants (parameter) exist, when it is going to set up Tc small, only cO becomes a rule parameter 
substantially. And in order to obtain the natural period Tc for 15 or less microseconds suitable for the 
globule regurgitation, it becomes a requirement to set acoustic capacitance cO below to 5.5xlO-19m5/N. 
[01 10] In the ink jet recording head using the electrostrictive actuator which will bend and deform if the 
above content is summarized, if the drop volume q and a natural period Tc are governed by the acoustic 
capacitance cO of an oscillating element and the upper limit/lower limit of other parameters are taken 
into consideration, the optimal range exists in cO. That is, the "large drop regurgitation" and the "globule 
regurgitation" can be reconciled by setting up acoustic capacitance cO so that the conditions of a degree 
type may be satisfied. 
2.0x10-20 <=cO <=5.5xlO-19 [m5/N] (10) 

[0111] Moreover, by satisfying the conditions of cO>cl and a formula (8), the effect of the 2nd vibration 
system (vibration system B) formed in a head can be controlled, and the ink jet recording head excellent 
in regurgitation stability and dependability can be realized. Furthermore, by setting the aspect ratio of a 
pressure room as abbreviation 1, cO per unit area can be maximized and an ink jet recording head with a 




[0106] 
[Formula 9] 



(9) 
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high nozzle consistency can be realized. 

[01 12] With reference to a drawing, this invention is further explained to a detail based on the example 
of the 1st operation gestalt concerning this invention below the example of the 1st operation gestalt. The 
concrete configuration of the oscillating element which fills the conditions of 0=2.0x1 0-20m5/N with 
this example of an operation gestalt is investigated and made as an experiment, and it is shown as a 
result of having conducted the expulsion-of-an-ink-droplet experiment. Drawing 12 is a perspective 
view shown where the ink jet recording head of this example of an operation gestalt is developed. 
[0113] The diaphragm 41 with which this ink jet recording head accomplishes a part of the ink pool 
plate 38, ink umbilical plate 39, pressure room plate 40 with which two or more pressure rooms 14 were 
formed, and wall surface of the pressure room 14 at the nozzle plate 29 top by which two or more 
nozzles 13 were formed in the shape of a matrix (letter of a matrix) is joined to this order. Two or more 
electrostrictive actuators 16 are joined to the diaphragm 41 so that each pressure room 14 may be 
countered. 

[01 14] Drawing 13 is a top view shown where a part of configuration of drawing 12 is seen through. 
The nozzle configuration of this example of an operation gestalt is considered as the array of the shape 
of a matrix of eight line x8 train. The nozzle pitch in a line writing direction is 42.3 micrometers 
corresponding to resolution 600dpi. Therefore, a row pitch is 42.3micrometerx8 train =338micrometer, 
and width of face in the line writing direction of the pressure room 14 is set to 328 micrometers settled 
in the pitch. 

[01 15] Moreover, a row pitch is also set to 338 micrometers and width of face in the direction of a train 
of the pressure room 14 is set to 328 micrometers settled in the pitch. That is, the flat-surface 
configuration of the pressure room 14 is a square. The flat-surface configuration of an oscillating 
element is also the same as the flat-surface configuration of the pressxire room 14, and, as for the plane 
area, area is made small 0.108mm more nearly substantially than 2 and the conventional structure. When 
the flat-surface dimension of an oscillating element is decided, the structure parameter which determines 
acoustic capacitance is only the diaphragm 41, the construction material of an electrostrictive actuator 
16, and thickness which are the configuration member. Here, the construction material of stainless steel 
(SUS304) and an electrostrictive actuator 16 was decided to be titanic-acid lead zirconate system 
ceramics for the construction material of a diaphragm 41 . Therefore, the structure parameter which 
remains is the thickness of these two members. 

[01 16] In order to decide thickness, the relation between the thickness of two members and acoustic 
capacitance cO was investigated first. For calculation of acoustic capacitance cO, excluded volume 
deltaV at the tiine of impressing the homogeneity pressure p to the structure-model-ized oscillating 
element using finite element analysis was calculated, and it considered as cO=deltaV/p. 
[01 17] What summarized the above-mentioned result is shown in the graph of drawing 14 . In a graph, 
the thickness of a diaphragm 41 is taken along an axis of abscissa, the thickness of an electrostrictive 
actuator 16 is taken along an axis of ordinate, analysis examination of the acoustic capacitance cO to 
those combination is conducted, and it is cO >=2.0xlO-20[m5/N]. 

The field of the combination with which ****** is filled was smeared away and expressed. In every 
thickness combination in the field, the excluded volume of an oscillating element can obtain 15 or more 
pis. Therefore, in the ink jet recording head using this, the regurgitation of the ink droplet of 15 or more 
pis can be carried out. 

[01 18] In this example of an operation gestah, the prototype which set thickness of 5 micrometers and 
an electrostrictive actuator 16 to 10 micrometers for the thickness of a diaphragm 41 was performed as 
one of the solution of the, and the expulsion-of-an-ink-droplet experiment was fiirther conducted 
combining ink passage. The example is shown below. 

[0119] That is, the whole of the dimension of a nozzle plate 29, the ink pool plate 38, the supply way 
plate 39, the pressure room plate 40, and a diaphragm 41 is the same, and width of face in the direction 
in which 4mm, a head scanning direction, and the width of face in a head scanning direction cross at 
right angles is set to 4mm. Moreover, also let all construction material be stainless steel (SUS304). 
[0120] By press working of sheet metal, thickness is 50 micrometers, and a nozzle plate 29 follows an 
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above-mentioned layout, and is penetrated, and the nozzle 13 of the shape of a matrix with a diameter of 
25 micrometers is formed. The tiiickness of the ink pool plate 38 is 200 micrometers, with a diameter of 
28 micrometers which is open for free passage for nozzle 13 free passage hole 38a is formed by press 
working of sheet metal, and ink pool 38b is formed by etching processing. 
[0121] With a diameter of 25 micrometers to which thickness opens supply way plate 39 for free 
passage to with a diameter of 28 micrometers which is 50 micrometers and is open for free passage for 
nozzle 13 with press working of sheet metal free passage hole 39a, and ink pool 38b ink supply way 39b 
is formed. Thickness is 80 micrometers, according to the above-mentioned flat-surface configuration, it 
is etching processing and, as for the pressure room plate 40, two or more pressure rooms 14 are formed. 
As abeady stated, thickness is set to 5 micrometers, and a diaphragm 41 has conductivity, and functions 
also as a common electrode for impressing the driver voltage wave of an electrostrictive actuator 16. 
The alignment marker (not shown) for carrying out positioning junction is mutually given to five kinds 
of above plates. 

[0122] Thickness is set to 10 micrometers as the electrostrictive actuator 16 was already described. Each 
electrostrictive actuator 16 is formed according to the individual on the diaphragm 41 corresponding to 
each pressure room 14, and that of the flat-surface configuration is the same as that of the appearance of 
the pressure room 14. 

[0123] The electrode layer is formed in both sides of an electrostrictive actuator 16, respectively. The 
flexible cable (not shown) which has an electric circuit pattern, and the electrode layer by the side of the 
free siu-face of an electrostrictive actuator 16 (individual electrode) are electrically connected through 
wirebonding. 

[0124] Next, the manufacture approach of the Inkjet recording head of this example of an operation 
gestalt is explained. Drawing 15 is the perspective view showing this manufacture approach, and (a) - 
(d) shows each process gradually. First, as shown in drawing 15 (a), lap polish processing is performed 
to a cylinder-like block [ piezoelectric-material ] (not shown), and the piezoelectric-material plate 42 is 
produced. Polish processing is performed so that thickness may become the same as the design thickness 
of an electrostrictive actuator 16. An electrode layer 43 is formed in both sides of this piezoelectric- 
material plate 42 by sputtering, respectively. In this example of an operation gestalt, gold (Au) was used 
as an electrode material of an electrode layer 43. 

[0125] Subsequently, as shown in drawing 15 (b), temporary immobilization of the piezoelectric- 
material plate [ finishing / sputtering ] 42 is carried out at a stationary plate 45 through the adhesion 
foaming tape 44 which has the property whose adhesion is lost at the time of an elevated temperature. 
The alignment marker (not shown) for performing junction positioning with a nozzle plate 29, the 
pressure room plate 40, and the SUS plate of diaphragm 41 grade is prepared in this stationary plate 45. 
[0126] Furthermore, as shown in drawing 15 (c), the film mask 46 which has photosensitivity is stuck on 
the piezoelectric-material plate 42 which carried out temporary immobilization. In this example of an 
operation gestalt, the urethane system film mask with a thickness of 10 micrometers is used as a film 
mask 46. Then, the exposure mask 47 formed in the pattern which makes only the part which it leaves as 
an electrostrictive actuator 16 penetrate ultraviolet rays (UV) is prepared separately. Patterning of this 
film mask 46 is carried out on the basis of the alignment marker of a stationary plate 45. 
[0127] Then, UV exposure is performed on the piezoelectric-material plate 42 covered with the film 
mask 46 using the exposure mask 47, and it etches into the film mask 46 fiirther. What has the property 
that the part to which the UV irradiation of the fibn mask 46 was carried out is not removed, but the 
other part can be removed certainly is chosen as an etching reagent. The sodium-carbonate solution was 
used in this example of an operation gestalt. 

[0128] The fihn mask 46 is covered with the process to the above only into a part to leave as an 
electrostrictive actuator 16, and the fihn mask 46 is removed from the other part. Then, sandblasting 
processing is performed to this structure. This sandblasting processing is periformed imder conditions 
which carry out grinding clearance of the piezoelectric-material plate 42 of a part which the film mask 
46 was removed and was exposed certainly, and do not carry out grinding of the part in which the film 
mask 46 remained. 
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[0129] Then, the film mask 46 which remained on the front face of the piezoelectric-material plate 42 is 
removed and washed. According to the above process, as shown in drawing 15 (d), both sides can be 
equipped with an electrode layer 31, and the piezoelectric material of the structure which stuck the 
wafer-ized electrostrictive actuator 16 on the adhesion foaming tape 44 on the stationary plate 45 can be 
obtained. 

[0130] Subsequently, the process which sticks the above-mentioned piezoelectric material on a 
diaphragm 41 is performed. First, adhesives (not shown) are applied to the front face of the piezoelectric 
material shown in drawing 1 5 (d). In this example of an operation gestalt, since a diaphragm 41 is made 
to serve a double purpose as a common electrode, the adhesives which have conductivity are used for 
the adhesives to apply. After applying this, superposition and 2kg [ per square centimeter ] application 
of pressure are performed for piezoelectric material and a diaphragm 41 by making the alignment 
marker of a diaphragm 41 and a stationary plate 45 into positioning criteria, adhesives thermosetting in 
the bottom of the temperature of 200 degrees C are stiffened, and both sides are joined. In addition, 
since the adhesion foaming tape 44 used in order to carry out temporary immobilization of piezoelectric 
material and the stationary plate 45 at the time of this heating loses adhesion with heat, it exfoliates 
easily. 

[0131] According to the above process, it has the electrostrictive actuator 16 wafer-ized on Perilla 
frutescens (L.) Britton var. crispa (Thimb.) Decne. as the common electrode in the diaphragm 41, and 
the unit with which the individual electrode was prepared on each electrostrictive actuator 16 is 
obtained. This unit is pasted up and joined with the plate unit which is the junction article of nozzle 
plates 29 other than diaphragm 41 joined [ which joined and positioning-pasted up ] separately, the ink 
pool plate 38, the supply way plate 39, and the pressure room plate 40, Thereby, an ink jet recording 
head can be obtained. 

[0132] Finally, electrical connection for impressing a driver voltage wave to each electrostrictive 
actuator 16 is performed. In this example of an operation gestalt, the FPC cable (not shown) was stuck 
on the periphery of an Inkjet recording head, and the electrode terminal and individual electrode of each 
electrostrictive actuator 16 were connected by wirebonding. 

[0133] Next, actuation of this example of an operation gestalt is explained. That is, each pressure room 
14 is filled up with ink via ink pool 38b to ink supply way 39b shown in drawing 12 to the Inkjet 
recording head made as an experiment as mentioned above. Then, if driver voltage is impressed between 
the individual electrode of each electrostrictive actuator 16, and a diaphragm 41 (common electrode), the 
oscillating element which consists of a diaphragm 41 and an electrostrictive actuator 16 will bend, it will 
deform, and an ink droplet will carry out the regurgitation from the corresponding nozzle 13 by 
compressing the ink with which it filled up in the pressure room 14. 

[0134] The regurgitation experiment of an ink droplet was conducted using the above Inkjet recording 
head. Drawing 16 is a graph which shows the driver voltage wave used in this experiment. In the graph, 
an electrical potential difference [V] is taken along an axis of ordinate, and time amount [mus] is taken 
along the axis of abscissa. 

[0135] First, the driver voltage wave shown in drawing 16 is inputted into each oscillating element 
according to an individual. Consequently, it checked that the ink droplet of 20pl(s) stabilized and carried 
out the regurgitation from each nozzle 13. Furthermore, the number of the oscillating elements driven 
simultaneously was changed, and the same experiment was conducted. Consequently, it checked that it 
was stabilized and the regurgitation of the ink droplet of the same drop measure could be carried out 
irrespective of the number to drive. Moreover, the difference in the regurgitation property (whenever 
[ regurgitation drop volume and regurgitation drop speed ], discharge direction) by the location to drive 
was not checked, either. 

[0136] In the ink jet recording head of this example of an operation gestalt, the acoustic capacitance cO 
of an oscillating element was calculated with 3.2xlO-20m5/N by structural analysis and location survey 
assessment by the fmite element method. That is, the Inkjet recording head of this example of an 
operation gestalt is cO >=2.0xlO-20[m5/N]. 
****** is filled. 
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[0137] that is, the thing which the large drop regurgitation of 15 or more pis will become possible if the 
conditions of cO >=2.0xlO-20m5/N are fulfilled - the experimental result of this example of an 
operation gestalt - it was checked. 

[0138] Example drawing 1 7 of the 2nd operation gestalt is the perspective view which developed the ink 
jet recording head of this example of an operation gestalt. In this Inkjet recording head, ink passage is 
formed by carrying out laminating junction of a total of a nozzle plate 1 , the conunon passage plate 2, 
the supply way plate 4, the pressure room plate 5, and the five plates of a diaphragm 6 with adhesives. 
[0139] Common passage is constituted by one mainstream way 7 and 26 branching passage (five are 
displayed in drawing 17 ) 8. The mainstream way 7 is open for free passage on the ink tank (not shown) 
through a feed hopper 9, and has the function which supplies ink to each branching passage. Every ten 
pressure rooms 14 are connected with each branching passage 8, respectively (five pieces are displayed 
in drawing 17 ). That is, the Inkjet recording head of this example of an operation gestalt is constituted 
as a matrix-like array head which has 260 ejectors. 

[0140] Drawing 18 is drawing having shown the cross section of one ejector. The pressure room 12 is 
connected with the branching passage 8 through the ink feed holes 11, and it fills up with ink in the 
pressure room 12. The nozzle 10 for carrying out the regurgitation of the ink droplet is connected with 
each pressure room 12. Moreover, the diaphragm 6 is formed in the base of the pressiure room 12, and 
the electrostrictive actuator 27 is attached in the diaphragm 6. When a driver voltage wave is impressed 
to this electrostrictive actuator 27, an electrostrictive actuator 27 bends and deforms and makes flie 
pressure room 12 expand or compress. If a volume change arises in the pressure room 12, a pressure 
wave will occur in the pressure room 12. The mk of the nozzle section exercises, it is discharged by 
operation of this pressure wave fi-om a nozzle 10 outside, and an ink droplet is formed of it. In addition, 
24 shows a fi-ee passage way. 

[0141] In this example of an operation gestalt, the polyimide film with a thickness of 25 micrometers 
was used for the nozzle plate 1, and the nozzle 10 of 25 micrometers of diameters of opening was 
formed by excimer laser processing. If a resin film is used for the member (nozzle plate 1) which forms 
a nozzle like this example of an operation gestalt, a nozzle plate 1 can be operated as an air damper of 
the branching passage 8, and the regurgitation stabiHty at the time of the multi-nozzle simuUaneous 
regurgitation can be raised. That is, in head structure as shown in dravying 18 , if the nozzle plate in 
which a nozzle 10 is formed is formed with a resin fibn, a part of wall surface (top face) of the 
branching passage 8 will serve as a resin fihn. If the wall surface of branching passage is constituted 
fi:om a rigid low resin film, the acoustic capacitance of branching passage can increase substantially, 
generating of the sound wave propagation (cross talk) through branching passage etc. can be prevented, 
and the regurgitation stability at the time of the multi-nozzle simultaneous regurgitation can be raised. In 
addition, in order to secure sufficient acoustic capacitance for branching passage and to give the 
functions (cellular contamination prevention on a discharge direction disposition etc.) as a nozzle to the 
nozzle section, it is suitable for the thickness of a resm film that it is within the limits of 20-70 
micrometers. However, even if it is except this optimum range, it is possible to acquire the same 
operation effectiveness with imperfection. The ink feed holes 1 1 of 26 micrometers of diameters of 
opening were formed in the supply way plate 4 with a press using the stainless plate with a thickness of 
75 micrometers. 

[0142] The passage pattern was formed in the common passage plate 2 and the pressure room plate 5 by 
wet etching using the stainless plate with a thickness of 100 micrometers. Die length of one side used 
the pressure room 12 as the square of 500 micrometers and an aspect ratio 1, and as shown in drawing 
19 (a), in order to prevent the stagnation of ink flow, it gave R configuration to the comer of the pressure 
room 12. The stainless plate (Ev=197GPa) with a thickness of 10 micrometers was used for the 
diaphragm 6. Px in drawing 19 (a) shows the nozzle pitch of a main scanning direction 428 (refer to 
drawing 42 ), and Py shows the nozzle pitch of the direction 429 of vertical scanning, respectively. 
[0143] Drawing 19 (b) is drawing having shown the configuration of the electrostrictive actuator 27 
used in this example of an operation gestalt. Veneer-Uke piezo-electricity ceramics (titanic-acid lead 
zirconate system ceramics) (Ep=200GPa) with a thickness of 30 micrometers was used for the 
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electrostrictive actuator 27. Width of face Wp of an electrostrictive actuator was set to 490 micrometers 
almost equal to the pressure room width of face W, and used the sandblasting processing method for 
processing. In addition, 37 shows the electrode pad section and 38 shows an actuator, respectively. 
[0144] As a result of structural analysis and location survey assessment by the finite element method, by 
the Inkjet recording head of this example of an operation gestah, the acoustic capacitance cO of an 
oscillating element was calculated with 3.2xlO-20m5/N, and the inertance mO was called for with 
1.3x106 kg/m4. Moreover, the acoustic capacitance of the pressure room 12 was 2.0xl0-20m5/N 
(cc=1.2xl0-20m5/N). That is, the ink jet recording head of this example of an operation gestalt fulfills 
the conditions of a formula (8) and a formula (10). 

[0145] The driver voltage wave used for drawing 40 in this example of an operation gestalt is shown. 
drawin g 40 ~ (- c -) - being shown - a large - a drop --**-- driver voltage - a wave - 
comparatively - being loose - starting - time amount a pressure ~ a room - compressing — a sake - 
the - one - an electrical potential difference -- change -- a process - 402 - " - and - fixed - a period - 

- an electrical potential difference - having held - after - applied voltage - reference voltage (offset 
voltage Vb) - returning -- a sake - the two -- an electrical potential difference - change -- a process - 

- 404 - " - constituting - having - **** . If this driver voltage wave is impressed to an electrostrictive 
actuator, a big pressure will occur in the pressiire interior of a room to the timing to which 1st electrical- 
potential-difference change process 402" was impressed, and the ink in a nozzle will be injected towards 
the recording paper. It was set as section t7 "=15microsecond and electrical-potential-difference 
variation V2" =30V and bias voltage Vb=20V section t3 "=5microsecond and section t4" 
=10microsecond, respectively. 

[0146] On the other hand, the driver voltage wave for globules shown in drawing 40 (a) is constituted by 
the 4th electrical-potential-difference change process 404 for returning the 3rd electrical-potential- 
difference change process 403 for expanding the 2nd electrical-potential-difference change process 402 
for compressing the 1st electrical-potential-difference change process 401 for expanding a pressure 
room just before the regurgitation, and a pressure room at a rapid rate, and a pressure room at a rapid 
rate, and applied voltage to reference voltage. If this driver voltage wave is impressed to an 
electrostrictive actuator, the meniscus of nozzle opening will once be drawn in a pressure generating 
room side by the 1st electrical-potential-difference change process 401, and will form the meniscus of a 
concave configuration according to it. 

[0147] Then, if the 2nd electrical-potential-difference change process 402 is added, a thin liquid column 
will be formed in a nozzle center section, and when a Uquid column is further divided at an early stage 
by the 3rd electrical-potential-difFerence change process 403, an ink droplet smaller than the diameter of 
a nozzle will be breathed out. That is, this driver voltage wave is an actuation wave for carrying out the 
regurgitation of the minute drop with a meniscus control system. It was set as electrical-potential- 
difference variation V1=15V, electrical-potential-difference variation V2=12V, electrical-potential- 
difference variation V3=17V, and bias voltage Vb=20V, respectively section tl=2microsecond, section 
t2=2microsecond, section t3=2microsecond, section t4=0.5niicrosecond, section t5=2microsecond, 
section t6=5microsecond, and section t7=15microsecond. 

[0148] drawing 40 ~ (~ b -) - being shown - inside ~ a drop - ** ~ driver voltage - a wave - a 
globule - the same - a meniscus - control - having used -- a thing - it is - the regurgitation - just 
before - a pressure - a room -- expanding - making - a sake - the - one ~ an electrical potential 
difference - change - a process - 401 - * - a pressure — a room - being rapid - a rate - compressing - 

- a sake - the - two ~ an electrical potential difference -- change - a process ~ 402 ~ * and - applied 
voltage - reference voltage - returning ~ a sake - the - three - an electrical potential difference - 
change - a process - 404 - ' - constituting - having - **** - . Like the 3rd electrical-potential- 
difference change process 403 of the driver voltage wave for globules, in early fragmentation of a hquid 
column, in order to hold a fixed period electrical potential difference after ******** and 2nd electrical- 
potential-difference change process 402*, a bigger ink droplet a little than a globule is breathed out. It 
was set as electrical-potential-difference variation Vr=15V, electrical-potential-difference variation 
V2*=20V, and bias voltage Vb=20V, respectively section tr=2microsecond, section t2*=2microsecond. 
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section t3 -2microsecond, section t4*=10microsecond, and section t7=15microsecond. 
[0149] In addition, the actuation wave shown in drawing 40 is an example which shows the actuation 
approach of the ink jet recording head of this invention, and can also use the actuation wave of other 
configurations. That is, as long as it includes at least the 1st electrical-potential-difference change 
process of impressing an electrical potential difference in the direction which shrinks the volume of a 
pressure room as a wave for large drop regurgitation, and making an ink droplet breathing out, and the 
2nd electrical-potential-difference change process of impressing an electricsd potential difference in the 
direction which expands the volume of said pressure room, the actuation wave of a different 
configuration firom drawing 40 (c) may be used. 

[0150] For example, the electrical-potential-difference change process for drawing a meniscus in the 
interior of a nozzle slightly may be added just before 1st electrical-potential-difference change process 
402", or another electrical-potential-difference change process may be added after 2nd electrical- 
potential-difference change process 404." As long as it includes at least the 1st electrical-potential- 
difference change process of similarly impressing an electrical potential difference in the direction 
which expands the volume of said pressure room as a wave for globule regurgitation, and the 2nd 
electrical-potential-difference change process of impressing an electrical potential difference in the 
direction which compresses the volume of said pressure room, the actuation wave of a different 
configuration firom drawing 40 (a) may be used. For example, it niay consider as the actuation wave 
which does not have the 3rd electrical-potential-difference change process 403 and the 4th electrical- 
potential-difference change process 404, or another electrical-potential-difference change process for 
controlling the initial state of a meniscus may be added just before the 1st electrical-potential-difference 
change process 401. 

[0151] Drawing 41 is drawing having shown the basic configuration of the actuation circuit used in this 
example of an operation gestalt. In case image recording by the drop diameter modulation technique is 
performed, it impresses changing the driver voltage wave shown in drawing 40 for every pressure room 
to the electrostrictive actuator corresponding to each pressure room, and the drop diameter of the ink 
droplet made to breatiie out is changed. In this example of an operation gestalt, in order to generate three 
sorts of driver voltage waves shown in drawing 40 (a) - (c), it has three kinds of wave generating circuits 
411, 41 r, and 411", and each wave is amplified by an amplifying circuit 412, 412', and 412." Based on 
image data, at the time of record, an electrostrictive actuator 414, 414', and the driver voltage wave 
impressed to 414" are changed by a switching circuit 413, 413*, and 413", and the ink droplet of a 
request drop diameter is breathed out at it. 

[01 52] The regurgitation experiment of an ink droplet was conducted using the ink jet recording head of 
this example of an operation gestalt described above. As a result of impressing the actuation wave 
(V1"=30V) shown in drawing 40 (c) to an electrostrictive actuator 27, it was checked that the ink droplet 
of drop volume 20pl is stabilized, and is breathed out firom each nozzle 10. That is. it has checked 
experimentally that the regurgitation of the large drop exceeding 15pl becomes possible by using the 
electrostrictive actuator 27 which fulfills the conditions of acoustic capacitance cO >=2.0xlO-20m5/N. 
Moreover, refill time amount was also as brief as about 40 microseconds, and 18kHz high-speed 
actuation was possible for it. 

[0153] As a result of performing image recording in the record paper using the ink jet recording head of 
this example of an operation gestalt, image concentration (OD value 1.3) sufficient also in the low 
record resolution of 600dpi was able to be obtained. That is, in the ink jet recording head of this example 
of an operation gestalt, since the large drop regurgitation of drop volume 20pl is possible, image 
concentration sufficient also in low record resolution called 600dpi can be obtained, and it can be said 
that it is an Inkjet recording head very advantageous to high-speed record. In addition, when the applied 
voltage of an actuation wave was made to increase to V1"=40V, the drop volume of 27pl was obtained 
and image concentration (OD value 1.2) sufficient also in the record resolution of 300dpi was able to be 
obtained. 

[0154] Drawing 21 is the resuU of observmg a meniscus oscillation of the ink jet recording head of this 
example of an operation gestalt with a laser-doppler meter. It was checked that the natural period Tc of a 
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pressure wave is small stopped with 9.5 microseconds. That is, the natural period Tc for 15 or less 
microseconds suitable for the minute drop regurgitation was able to be obtained by using the oscillating 
element which fulfills the conditions of acoustic capacitance cO <=5.5xlO-19m5/N. 
[0155] Moreover, in the ink jet recording head of this example of an operation gestalt, a fine oscillation 
was not able to be overlapped on a meniscus oscillation, but the very good meniscus oscillation was able 
to be obtained so that the meniscus oscillating wave of dravsdng21 might show. The ink jet recording 
head of this example of an operation gestalt fulfills a formula (8) and the conditions of cO>cl, and this is 
because the amplitude of the vibration system B mentioned above is stopped small. Since such a stable 
oscillation was obtained by the meniscus, very high regurgitation stability was able to be acquired in the 
ink jet recording head of this example of an operation gestalt- 

[0156] Moreover, when the globule regurgitation was performed by the actuation wave shown in 
drawing 40 (a), it was checked that the regurgitation of the minute ink droplet of drop volimie 2pl can be 
carried out to stability. That is, in the ink jet recording head of this example of an operation gestalt, the 
natural period was as short as 9.5 microseconds, and since the shimmy of a meniscus was controlled, the 
minute drop regurgitation by the meniscus control system was able to be performed good. That is, in the 
ink jet recording head of this example of an operation gestalt, drop diameter modulation record was able 
to be performed in the large drop diameter range of 2-20pl by being impressed by each electrostrictive 
actuator, coexistence with the "large drop regurgitation" and the "globule regurgitation" being possible, 
and changing the driver voltage wave shown in drawing 40 according to an image pattern. 
[0157] As an example of a comparison, thickness tp of an electrostrictive actuator, the thickness tv of a 
diaphragm, and the pressure room vddth of face W were changed, and same characterization was carried 
out. Consequently, as O plot of drawing 6 showed the drop volume, the structural-analysis result and the 
result which is in agreement with fitness were obtained. That is, although drop volume of 1 5 or more pis 
was obtained in the range of cO >=2.0xlO-20m5/N, on condition that cO<2.0xlO-20m5/N, only drop 
volume of less than 15 pis was obtained, and sufficient image concentration was not able to be obtained. 
In addition, the conditions used as cO<2.0xlO-20m5/N are combination, such as W= 500 micrometers, 
tv=10micrometer, tp=45micrometer, W= 400 micrometers, tv=5micrometer, and tp=35micrometer. 
[0158] Although drop volume of 15 or more pis was obtained, the natural period Tc was set to 15 
microseconds or more, and it became impossible moreover, to perform the globule regurgitation of 4 or 
less pis, when set to cO>5.5xlO-19m5/N. The conditions used as cO>5.5xlO'-19m5/N are combination, 
such as W= 700 micrometers, tv=10micrometer, tp=15micrometer, W= 1000 micrometers, 
tv=10micrometer, and tp=35micrometer. 

[0159] That a formula (10) is appropriate has checked experimentally as conditions for securing drop 
volume of 15 or more pis, and obtaining the natural period Tc for 15 or less microseconds fi-om the 
above result. In addition, when an aspect ratio uses the pressure room of abbreviation 1, in order to set 
the acoustic capacitance of an oscillating element as the range of 2.0x10-20 <=cO <=5. 5x10-19 m5/N, it 
is desh-able to set the thickness of 300-700 micrometers (plane area 0.09-0.5mm2), a diaphragm, and an 
electrostrictive actuator as the range of 5-20 micrometers and 15-40 micrometers for pressure room 
width of face, respectively. 

[0160] Moreover, prototype assessment of a head was performed also about the rectangular pressure 
room whose aspect ratio is not abbreviation 1. Consequently, also at the rectangular pressure room, 
when fulfilling the conditions of a formula (10), it has checked that drop volume of 15 or more pis and 
the natural period for 15 or less microseconds were securable. However, although the same drop volume 
is obtained, one (the area of base of a pressure room) 2 to 5 times the actuation area of this is needed, 
[0161] For example, in order to obtain the same drop volume (20pl) as the Inkjet recording head of this 
example of an operation gestalt, in the Inkjet recording head of an aspect ratio 5, 300x1500 micrometers 
of pressure room sizes needed to be set to 2. This is a twice [ about ] as many pressure room area as this 
as compared with the ink jet recording head of this example of an operation gestah, therefore it means 
the array consistency of a nozzle falling to one half That is, when fulfilling the conditions of a formula 
(10) also at the pressure room of a rectangle configuration, the target property was acquired, but in order 
to make it compatible v^th a high nozzle consistency, it was confirmed that it is optimal to set the aspect 
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ratio of a pressure room as abbreviation 1. 

[0162] In addition, although the flat-surface configuration of an oscillating element can be made into an 
abbreviation equilateral triangle, an abbreviation square, or an approximate regular liexagon in the ink 
jet recording head of this example of an operation gestalt as mentioned above, as for these oscillatmg 
element, it is desirable to form a part for die joint of two sides each which adjoins mutually in the shape 
of a curve. That is, R configuration can be given to the comer (comer) of the pressure room 12 as shown 
in drawing 19 (a). This is for preventing that the stagnation point of ink occurs in tlie pressure interior of 
a room, and raising eccritic [ of air bubbles ]. 

[0163] That is, although the pressure wave which the pressure interior of a room was made to generate 
performs the regurgitation of an ink droplet in an Inkjet recording head, if air bubbles remain in the 
pressure interior of a room, pressure generating effectiveness will fall, and the volume and drop speed of 
an ink droplet will decrease. The drop regurgitation may become impossible if residual air bubbles are 
large. So, in the usual ink jet recording device, cellular clearance of the pressure interior of a room is 
performed by attracting ink fi'om a nozzle. However, since the stagnation point (part with the slow rate 
of flow) of ink occurs in the pressure interior of a room when the aspect ratio of a pressure room exists 
in 1 and an angle exists in near and a pressure room, cellular blowdown becomes difficult. 
[0164] So, in the ink jet recording head of this example of an operation gestalt, by giving R 
configuration to the comer of a pressure room, generating of a stagnation pomt was prevented and it 
raised cellular eccritic one. as a result of investigate the cellular survival rate of the pressure interior of a 
room after actually perform ink attraction on certain conditions (ink be attract for 5 seconds by the 
pressure of 200mmHg(s) fi-om a nozzle), when R configuration be gave, by the ink jet recording head of 
this example of an operation gestalt which added R configuration (curvilinear configuration), cellular 
survival be checked to the cellular survival rate having be 0 at 15 % of pressure room, 
[0165] In the ink jet recording head of this example of an operation gestalt, since the high density array 
of many pressure rooms and electrostrictive actuators is carried out at the shape of a matrix, it becomes 
very difficult to perform electrical connection to each electrostrictive actuator. That is, as shown in 
drawing 35 , when the pressure room is arranged in one dimension, or when the higli density array of 
many pressiu-e rooms is carried out two-dimensional like this example of an operation gestalt although it 
is possible like the example of the 1st operation gestalt to perform electrical coimection easily by the 
conventional electrical connection approaches (wirebonding etc.) when the number of pressure rooms 
also has little two-dimensional array, it is impossible to apply the conventional electrical connection 
approach. 

[0166] So, in this example of an operation gestalt, the electrical connection approach as shown in 
drawing 22 and drawing 23 was used. That is, as the electrode pad section 37 (refer to drav^ng 19 (b)) 
was formed in an electrostrictive actuator and it was shown in drawing 22 , the electrical potential 
difference was impressed to each electrostrictive actuator by carrying out electrical connection of this 
electrode pad section and the wiring substrate (FPC substrate) 311 through a solder bump. Hereafter, it 
explains in more detail about the electrical connection approach of this example of a a operation gestalt. 
[0167] Drawing 22 (a) and (b) are the sectional view where the perspective view of before electric 
junction / back, drawing 23 (a), and (b) met the A-A line of drawing 22 (a), respectively, and the 
sectional view which met the B-B line of drawing 22 (b). The electrode 321 for common signals and the 
electrode 322 for individual signals are formed in the 2nd page which the electrostrictive actuator 312 
arranged in the shape of a matrix counters, respectively, and the electrode 321 for common signals is 
joined to the conductive diaphragm 313 electrically and mechanically. The electrode 321 for common 
signals made the two-layer structure of Cr (0.2 micrometers) and Au (0.2 micrometers), and the 
electrode 322 for individual signals three layer systems of Cr (0.2 micrometers), and nickel (0.6 
micrometers) and Au (0.2 micrometers). 

[0168] The flexible-printed-wiring substrate (FPC substrate) 311 with which the individual signal line 
(signal line) was formed consists of three layers, the base fibn 323 which consists of resin material, the 
circuit pattern 324 which consists of a metallic conductor, and the covering layer 325. Moreover, the 
electrode 327 for individual signals is formed in the electrode pad section 326 of an electrostrictive 
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actuator, and a corresponding location, and the bump 330 of the shape of a semi-spiiere which consists 
of conductive core material 328 and conductive jointing materials for comigated fibreboard 329 is 
formed on this electrode 327. In this example of an operation gestalt, using Cu as core material 328, the 
pewter was formed in the front face of the core material 328 as a jointing material for corrugated 
fibreboard with electrolysis plating, and the bump was produced. At this example of an operation 
gestalt, it is philSOmicrometer about a bump's path. Height was set as 60 micrometers. 
[0169] At the time of electric junction, the FPC substrate 31 1 and an electrostrictivc actuator 312 are 
made to counter mutually, where alignment is taken, application of pressure and heating are performed 
so that the location of the electrode pad section and a bump may be in agreement, and a bump 330 is 
joined for a jointing material for corrugated fibreboard to an electrode pad electrically and mechanically 
melting and by making it flow on an electrode pad. The pad 327 for electric junction on a diaphragm 
3 1 3 and the FPC substrate 3 1 1 is electrically joined to the control circuit (not shown), and driver voltage 
is impressed to an electrostrictivc actuator 312 through an individual signal line. 
[0170] In the Inkjet recording head of this example of an operation gestalt, the bump 330 is formed in 
the shape of a semi-sphere. This is for making the contact condition of the electrode pad section and a 
bump into homogeneity certainly. That is, even when gap arises in the paralleUsm of the FPC substrate 
3 1 1 and an electrostrictivc actuator 3 12, by what the bump is made hemispherical for, the contact 
condition of the electrode pad section and a bump 330 can be equalized, and while the stable electrical 
connection becomes possible, destruction of the electrostrictivc actuator 312 at the time of electrical 
connection can be prevented. 

[0171] Moreover, although tfie high FPC substrate 311 of flexibility is used for the wiring substrate in 
the ink jet recording head of this example of an operation gestalt, it is for this also securing positive 
contact between the electrode pad section and a bump 330. That is, if a wiring substrate is constituted 
from a low rigid-body ingredient of flexibiUty, it will be easy to generate poor contact between the 
electrode pad section and a bump 330 by the curvature of the passage plate to which the electrostrictivc 
actuator was joined, or the variation of the thickness of an electrostrictivc actuator selectively. On the 
other hand, if a wiring substrate is constituted from a high ingredient of flexibility, according to 
deformation of a wiring substrate, above-mentioned curvature and above-mentioned thickness 
dispersion can be absorbed, and uniform contact can be secured in all electrical connection parts. 
[0172] Moreover, when the high ingredient of flexibility was used for the wiring substrate and an 
electrostrictive actuator 3 12 is driven, the stress generated between a bump 330 and the wiring substrate 

311 can be reduced. That is, if an electrostrictive actuator 312 is driven, in order to al so displace some 
electrode pad sections, the bxmip 330 on the electrode pad section also displaces together. If the rigid 
high substrate is used for the wiring substrate at this time, big stress will occur between each of the 
electrode pad section, a bump, and a wiring substrate, and producing fracture of an electrical cormection 
etc. will become the cause of reducing the dependability of an electrical connection greatly. On the other 
hand, if the high ingredient of flexibility is used for a wiring substrate like this exam|)le of an operation 
gestalt, since a wiring substrate can be deformed according to a bump's variation rate, generating of 
stress can be controlled and it becomes possible to reaUze a reliable ink jet recording liead. 

[0173] Furthermore, the core material 328 is inserted in the interior of a bump 440 in the ink jet 
recording head of this example of an operation gestalt. Since it becomes possible to form a gap between 
an electrostrictive actuator 3 12 and the FPC substrate 3 1 1 after electrical connection by this, it becomes 
possible to bend freely and to deform, without an electrostrictive actuator 312 being restrained by the 
FPC substrate. That is, the poor property of the electrostrictive actuator 312 resulting from contact to an 
electrostrictive actuator 312 and the wiring substrate 31 1 can be prevented, and it becomes possible to 
realize a reliable ink jet recording head. Moreover, if a gap exists between an electrostrictive actuator 

312 and the FPC substrate 31 1, it will become possible an air cooling without blower or to carry out 
forced-air cooling about the heat generated by actuation of an electrostrictive actuator 312, and it will 
also become possible to control change of the electrostrictive actuator property by the temperature rise. 
[0174] By using die above electrical connection approaches, positive electrical connection can be made 
possible also to the electrostrictive actuator 3 12 by which the high density array was carried out two- 
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dimensional. That is, since the wiring substrate 31 1 is arranged above an electrostrictive actuator 312, 
the tooth space which arranges a signal line can be secured to the maximum, and it becomes possible to 
set up the array consistency of a nozzle highly as a result, 

[01 75] For example, since it is easy to form the circuit pattem of 50-micrometer pitch on the FPC 
substrate 311 when size arranges 500x500 micrometers of electrostrictive actuators 312 of 2 in the shape 
of a matrix by 10x10, the array pitch of an electrostrictive actuator 312 can be small set up to 575- 
micrometer pitch. This is a numeric value unrealizable by the conventional electrical connection 
approach in a matrix-like array head as shown in drawing 24 (a) and (b). 

[01 76] For example, with the conventional electrical connection technique which forms the individual 
signal line 335 in the same flat surface as an electrostrictive actuator 331, as shown in drawing 24 (b), 
since the minimum wiring pitch by screen-stencil is generally about 0.3mm, as for the array pitch of an 
electrostrictive actuator 331, about 3.6nun becomes a minimum. That is, the electrical connection 
approach like this example of an operation gestalt can be said to be a very effective approach when 
raising the nozzle consistency in a matrix-like array head. 333 in drawing and 336 show the wiring 
substrate, respectively. 

[0177] Example drawing 25 of the 3rd operation gestah (a) is the top view showing the head structure of 
this example of an operation gestalt. The ink jet recording head of this example of an operation gestalt 
has the description at the point of having set up smaller than the width of face W of the pressure room 
242 the width of face Wp of an electrostrictive actuator 241, although basic structure is almost the same 
as the example of the 1st operation gestalt. That is, in case an electrostrictive actuator is joined on a 
diaphragm by setting up smaller than the pressure room width of face W the width of face Wp of an 
electrostrictive actuator 241, even if a location gap occurs, the acoustic capacitance cO of an oscillating 
element can prevent changing sharply, and becomes possible [ suppressing change of the drop volimie 
and a natural period to min ]. 

[0178] Drawing 26 is the result of investigating the change of which occurs in acoustic capacitance cO 
with the width of face Wp of an electrostrictive actuator 241, when a center position gap of the pressure 
room 242 and the actuator 243 (part which bends actually and deforms) of an electrostrictive actuator 
241 is set to delta [mum]. From this result, when setting up Wp so that the following conditions 
(formula (11)) might be satisfied, it became clear that change of the drop volume can be controlled 
small. 

Wp<= (W-2delta) or - Wp>= (W+2delta) (1 1) 

[0179] The reason whose robustness (insensibility) over a location gap of an electrostrictive actuator 
improves under the above-mentioned conditions is because the support condition of an electrostrictive 
actuator edge becomes always fixed. That is, if electrostrictive actuator width of face is set up like 
dravsdng 25 (a) smaller than pressure room width of face so that the conditions of Wp<= (W-2delta) may 
be fiilfiUed, even if a location gap of **delta occurs, the actuator 243 of an electrostrictive actuator will 
not lap on the septum of the pressure room 242. Therefore, since the edge of an actuator 243 is always 
maintained as a revolution support condition, even if a location gap occurs, the ease of carrying out of 
deformation of an electrostrictive actuator does not change a lot, and acoustic capacitance cO serves as 
an ahnost fixed value. 

[0180] On the other hand, like drawing 25 (b), since the actuator 243 has lapped on the septum of the 
pressure room 242 even if a location gap occurs whenever it sets up electrostrictive actuator width of 
face more greatly than pressure room width of face so that the conditions of Wp>= ( \V-f2delta) may be 
fiilfiUed, even if an actuator edge is always maintained as a fixed support condition and a location gap 
occurs, acoustic capacitance cO does not change a lot. 

[0181] As mentioned above, if the width of face Wp of an electrostrictive actuator 24 1 is set up so that 
the conditions of a formula (11) may be satisfied so that the support condition of an actuator edge may 
be kept constant even if a location gap occurs, fluctuation of the acoustic capacitance cO by location gap 
can be suppressed to the minimum, and it will become possible to raise the robustness over a location 
gap. 

[0182] However, if an actuator edge is made into a fixed support condition as Wp>= (W+2delta), since 
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deformation of an electrostrictive actuator will be restrained by the edge, as compai cct with the case of a 

revolution support condition, cO decreases substantially. Moreover, also in Wp<= (\V-2delta), if Wp is 

too small, regurgitation effectiveness will fall (since a substantial actuation area falls). 

[0183] Drawing 27 is the result of investigating the relation between regurgitation elTectiveness and 

variation (delta= 20 micrometers). In order to secure the robustness over a location gap and to acquire 

high regurgitation effectiveness from this result, it turned out that it is necessary to satisfy the following 

conditional expression. 

0.9(W-2delta) <=Wp<= (W-2delta) (12) 

[0184] In this example of an operation gestalt, since the amount delta of maximum location gaps 
generated at the time of junction of an electrostrictive actuator was 20 micrometers, Wp was set as 460 
micrometers (the pressure room width of face W is 500 micrometers). That is, even i Fthe **20- 
micrometer location gap occurred, it set up so that big effect might not occur in regurgitation 
effectiveness. 

[0185] As a resuh of actually producing two or more recording heads and investigating dispersion in 
regurgitation effectiveness (ink droplet volume), it was checked that the difference of regurgitation 
effectiveness is settled to 5% or less between the heads which the delta= 20-micrometer location gap 
generated. Moreover, when evaluated by making a location gap increase to 30 microineters or more 
intentionally, it was checked that 10% or more of difference occurs in regurgitation effectiveness. That 
is, it has checked that the robustness over a location gap could be improved by satisfying the conditions 
of a formula (12). 

[0186] In addition, although it is dependent on the aUgnment approach at the time of junction of an 
electrostrictive actuator, the amoimt delta of location gaps of an electrostrictive actuator is set to about 
**10-**30 micrometers when the general alignment approach on the basis of an alignment mark is used. 
Therefore, as for the width of face Wp of an actuator, it is optimal to set up smaller pressure room width 
of face of about **10-**30 micrometers than W. 

[0187] Moreover, it evaluated to the pressure room width of face W being 500 micrometers like drawing 
25 (b) also about the electrostrictive actuator which set Wp as 540 micrometers. In this case, since the 
boundary condition of an actuator always serves as the fixed end even if a **20-micrometer location gap 
occurs, fluctuation of acoustic capacitance cO can be controlled. As a result of investigating change of 
the drop volume by location gap, it was actually checked that the difference of regurgitation 
effectiveness is as small as 5% or less. However, since the boundary condition of an actuator is the fixed 
end, compared with the structure of drawing 25 (a), regurgitation effectiveness is 1/5 or less, and it can 
be told to the large drop regurgitation that it is disadvantageous structure. 

[0188] In the ink jet recording head of this example of an operation gestalt, the acoustic capacitance cO 
of an oscillating element was calculated with 3.5x1 0-20m5/N, and the inertance mO was called for with 
1.0x106 kg/m4. That is, the ink jet recording head of this example of an operation gestalt had also 
satisfied the conditions of a formula (8) and a formula (10), consequently drop volume 19pl (V1=30V) 
and 9.8 microseconds of natural periods were able to be obtained. 

[0189] Example drawing 28 of the 4th operation gestalt is the top view showing tlie head structure of 
this example of an operation gestalt. The Inkjet recording head of this example of an operation gestalt 
has the description in the point which constitutes the configuration of an electrostrictive actuator from an 
actuator 273, the electrode pad section 274, and the bridge section 275, although basic structure is the 
same as that of the example of the 3rd operation gestalt almost. 

[0190] That is, it is separated into an actuator 273 and the electrode pad section 274 by formation of a 
through hole 278, and the electrostrictive actuator 271 is connected through the bridge section 275 in the 
part with the small variation rate of an actuator 273. Thereby, since the displacement constrain by the 
electrode pad section 274 of an electrostrictive actuator 271 is reduced, an Inkjet recording head with 
high regurgitation effectiveness is realizable. 

[0191] As expressed with the contour line 276 of drawing 28 , when the electrostrictive actuator 271 
which an aspect ratio bends and deforms into the pressure room 272 near 1 is attached, an oscillating 
element deforms into the configuration near the spherical surface. Therefore, in the pint which is more 
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distant from the core of the oscillating section, the amount of displacement becomes small. In the case of 
polygons (a square, hexagon, etc.), an electrostrictive actuator 271 serves as a pari \\ hich is distant from 
a core with the field of the angle of the oscillating section 273. Therefore, electrical-potential-difference 
impression (electrical connection) to an actuator 273 can be enabled by connecting \he bridge section 
275 with the comer of the oscillating section 273 like this example of an operation gestalt, minimizing 
the displacement constrain of an electrostrictive actuator 271. 

[0192] As a result of carrying out regurgitation assessment of the ink jet recording head of this example 
of an operation gestalt, compared with the structure of dravying 25 , regurgitation elTcctiveness was 
actually able to be increased by 20%. That is, the drop volume of 23pl(s) was able to be obtained by 
V1=30V. In addition, it is 3.7xlO-20m5/N, an inertance mO is 1.0x106 kg/m4, and, as for the acoustic 
capacitance cO of an oscillating element, the ink jet recording head of this example of an operation 
gestalt is also satisfied with the ink jet recording head of this example of an operation gestalt of the 
conditions of a formula (8) and a formula (10). 

[0193] Drawing 29 is the result of structural analysis and actual regurgitation assessment investigating 
the relation between the width of face Wb of the bridge section, and regurgitation effectiveness. The 
displacement-constrain force becomes small, so that the width of face of the bridge section is small, and 
the inclination which increases regurgitation effectiveness can be grasped. However, when width of face 
of the bridge section is made [ too little ], a crack occurs in the bridge section at the time of manufacture 
or an activity, and there is a possibility Ihat it may become unpossible to perform iiomial expulsion of an 
ink droplet. Therefore, as for the width of face Wb of the bridge section, it is desirable to set to the width 
of face Wp of an actuator to 1/2 or less and 1/4 or more. 

[0194] The configuration of an electrostrictive actuator 271 can apply various configurations, as it is not 
limited to a configuration like drawing 28 and shown in drawing 30 (a) - (d). That is, as long as the 
bridge section 275 is connected with the part which is distant fi-om the core of an actuator 273, the 
configuration of the bridge section 275 or the electrode pad section 274 may be wliat kind of 
configuration, and the nxmiber of the bridge section 275 may also be 1 or plural. 
[0195] Moreover, Uke this example of an operation gestalt, it is advantageous to separate the actuator 
273 and the electrode pad section 274 of an electrostrictive actuator 271, also when performing electrical 
connection of an electrostrictive actuator 271. That is, in the configuration of an elect rostrictive actuator 
241 as shown in drawing 25 , since an actuator 243 and the electrode pad section 244 are not separated, 
when the electrical cormection approach which used the FPC substrate shown in drawin g 22 and 
drawing 23 is used, the jointing material for corrugated fibreboard 329 shown in d rawing 23 (a) and (b) 
flows into an actuator field, and there is a possibility that a jointing material for coitu gated fibreboard 
may restrain deformation of an electrostrictive actuator. Since the distance of an actuator and the 
electrode pad section becomes short when the high density array of the pressure room 242 is carried out 
especially, it becomes easy to generate the problem of such a jointing-material- for-corrugated-fibreboard 
inflow. 

[0196] On the other hand, like this example of an operation gestah, if it is made the configuration where 
an actuator and the electrode pad section were separated, since the jointing-material- to r-comigated- 
fibreboard inflow to an actuator can be controlled effectively, it becomes possible to realize a reliable 
ink jet recording head. 

[0197] In this example of an operation gestalt, the configuration of an electrostrictive actuator 271 turns 
into a complicated configuration as shown in drawing 28 and dravying 30 . So, sandblasting processing 
was used for processing of an electrostrictive actuator in this example of an operation gestalt. This 
becomes possible simple-wise about the electrostrictive actuator of a complicated configuration to 
process it into a precision for a short time, and to manufacture the ink jet of high density by low cost. 
[0198] In the ink jet recording head of this example of an operation gestalt, as shown in drawing 28 , the 
dummy pattern 277 was arranged between the adjacent electrostrictive actuators 271 . This is for 
preventing the effect of side etching generated at the time of sandblasting processing, and securing high 
dimension homogeneity to an electrostrictive actuator 271. 

[0199] That is, if sandblasting processing of the electrostrictive actuator 271 is carried out, also 
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crosswise [ of an electrostrictive actuator 271 ] in parallel to progress of processing (ciching) to the 
thickness direction of an electrostrictive actuator 271, processing will advance (it is hereafter called side 
etching). In case sandblasting processing is performed, this side etching is generated in order that a 
blasting particle may collide also to the side face of a piezo-electric plate. And it depends for the 
working speed (processing rate) of this side etching on the width of face of the processing slot formed in 
a piezo-electric plate. That is, if the width of face of the processing slot formed in ihe side of an 
electrostrictive actuator 271 is large, side etching will tend to advance at a quick rate, and if the width of 
face of a processing slot is conversely small, it will be hard coming to generate side etching. 
[0200] Thus, since the speed of advance of side etching changes with processing flute widths, if the 
processing flute width which encloses each electrostrictive actuator 271 is not fixed, variation will arise 
in the speed of advance of side etching, consequently the size of an electrostrictive actuator 271 will be 
irregular. In order for the size of an electrostrictive actuator 271 to affect a regurgitation property 
greatly, it is necessary to prevent the above uneven side etching. 

[0201] Then, the dunrniy pattem 277 is formed also between the electrostrictive actuators 271 which 
adjoin mutually, and it was made for the width of face of the processing slot 279 wh icli encloses each 
electrostrictive actuator 271 to be fixed (about 80 micrometers) mostly in the ink jet recording head of 
this example of an operation gestalt. By this configuration, all the electrostrictive actuators 271 could be 
processed on the same conditions, and the high electrostrictive actuator 271 of dimension homogeneity 
was able to be realized. Specifically, the precision of the width of face Wp of an electrostrictive actuator 
271 was able to be suppressed to **5 micrometers or less. When sandblasting processing is carried out 
without forming the dummy pattem 277, it can be told to the width of face Wp of an electrostrictive 
actuator 277 that the effectiveness of forming the dummy pattem 277 as compared with dispersion ♦*20 
micrometers or more having occurred is very high. 

[0202] Moreover, by the same reason as the above, as shown in drawing 31 , the dtimmy pattem 232 
was arranged also in the periphery section of the field where two or more electrostrictive actuators 231 
were arranged. That is, in the electrostrictive actuator 231 located in the periphery section of the field 
where many electrostrictive actuators 231 were arranged, since side etching occurs remarkably, it is hard 
to acqxiire especially the dimensional accuracy as an electrostrictive actuator. Therefore, it becomes 
possible to secure high dimension homogeneity also in the electrostrictive actuator 23 1 located in the 
periphery section by arranging dummy PAN 232 so that the arranged electrostrictive actuator group may 
be surrounded. In addition, the ink jet recordmg head of this example of an operation gestaU is available 
also as a gestaU which puts the subdivided dummy pattem in order, although the dummy pattem 232 of 
the periphery section was made into integral constraction like drawing 31 . 

[0203] As a result of applying the above-mentioned dimmiy pattem, in the ink jet recording head of this 
example of an operation gestalt, it became possible in 260 ejectors in a head to suppress dispersion in a 
regurgitation property (drop volume, drop speed) to **5% or less. Moreover, as a result of carrying out a 
property comparison among two or more recording heads, it was checked that the property variation 
between recording heads is also settled to **6% or less, and it was proved that the above-mentioned 
electrostrictive actuator stmcture using the dummy pattem 232 was very effective in equalization of a 
head property. 

[0204] Example drawing 42 of the 5th operation gestalt is drawing showing the example of an operation 
gestalt of the ink jet recording device concerning this invention. The ink jet recording apparatus 420 of 
ttiis example of an operation gestalt is constituted including the vertical-scaiming device 423 for 
conveying the horizontal-scaiming device 422 for scaiming carriage 421 to the carriage 421 which 
carries an ink jet recording head, and the main scanning direction shown by the ai row head 428, and the 
record form 424 as a record medium in the direction of vertical scanning shown by the arrow head 429. 
[0205] An Inkjet recording head is carried on carriage 421 so that the field in whicli the nozzle was 
formed may counter with the record form 424, and it records to the fixed band field 427 by carrying out 
the regurgitation of the ink droplet to the record form 424, being conveyed in a main scanning direction 
428. Subsequently, the next band field is recorded, conveying the record form 424 in ihe direction 429 
of vertical scanning, and conveying carriage 421 to a main scaiming direction 428 again. By repeating 
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such actuation two or more times, image recording can be performed over the whole surface of the 
record form 424. 

[0206] Image recording was performed using the ink jet recording device of this example of an 
operation gestalt, and assessment of a recording rate and image quahty was actuall) performed. The 
thing of the head structure stated in the above-mentioned example of the 4th opcraiion gestalt was used 
for the ink jet recording head. Full color image recording was performed by making it correspond to four 
colors of yellow, a Magenta, cyanogen, and black, arranging the matrix-like array Iicad which has 260 
ejectors per color side by side on carriage 421, and piling up the dot of four colors on the record form 
424. 

[0207] As a result of recording by large drop volume 18pl, globule volume 2pl, and record resolution 
setting 600dpi and a regurgitation frequency as 18kHz, tiie image of A4 size (210innix297mm) could be 
printed by the time amount for about 5 seconds, and it was proved that a very high recording rate was 
realizable. Moreover, since the globule volume was as small as 2pl(s), graininess w as suppressed low 
and the highhghts section was also able to realize very high image recording of drawing quality. 
[0208] The same image output experiment was conducted using the conventional head of the number 64 
piece / of nozzles, and color as an example of a comparison. Since lOpl(s) of the large drop volume in 
which the regurgitation is possible were upper limits, record resolution was set as 1 200dpi. The globule 
volume set 6pl(s) and a regurgitation frequency as 18kHz, respectively. As a result of evaluating a 
recording rate, the time amount for about 85 seconds was taken to record the image of A4 size 
(210mmx297mm). Moreover, since the globule volume was as large as 6pl(s), graininess was 
conspicuous in the highlights section and image quality was low as compared witli this example of an 
operation gestalt. 

[0209] As mentioned above, in the ink jet recording device of this example of an operation gestalt, since 
the acoustic capacitance cO of the oscillating element in a recording head is set as cO >=2.0xlO-20m5/N 
and the pressure room of a square mold with high regurgitation effectiveness is arranged in the shape of 
a matrix possible [ the large drop regurgitation advantageous to a low resolution ], the number of nozzles 
can be set up greatly. Therefore, it becomes possible to increase a recording rate substantially as 
compared with the conventional Inkjet recording device. Moreover, in the ink jet recording device of 
this example of an operation gestalt, since the acoustic capacitance cO of the oscillating element in a 
recording head is set as cO <=5.5xlO-19m5/N, the globule regurgitation by the meniscus control system 
can be performed good, and high image quality can be acquired. That is, it is possible for it to be 
compatible in high-speed record and high-definition record in the ink jet recording device of this 
example of an operation gestalt. 

[0210] In addition, although considered as the gestalt which records while conveying a head with 
carriage 421 in this example of an operation gestalt, it is also possible to apply this invention to another 
equipment gestalt, such as to record fixing a head and conveying only a record medium using the line 
mold head which has arranged the nozzle covering full [ of a record medium ]. 

[021 1] As mentioned above, although each example of an operation gestalt was explained, this invention 
is not limited to the configuration of the above-mentioned example of an operation gestalt. For example, 
although common passage and a pressure room are formed with the stainless plate in the above- 
mentioned example of an operation gestalt, the ceramics, glass, etc. are possible also for using other 
ingredients. Moreover, it is not limited to the gestalt shown in drawing 17 and drawing 18 , and the 
structure of the basic structure of a head, i.e., a nozzle, a supply way, and common passage, 
arrangement, etc. can also use other gestalten. 

[0212] Moreover, in the above-mentioned example of an operation gestalt, although all the 
configurations of a pressure room were used as the square, even if it uses the configuration of other 
polygons (a triangle, a pentagon, hexagon, etc.) or an approximate circle form, the same effectiveness is 
acquired. Although the matrix-like array head was targetted for all the above-mentioned examples of an 
operation gestalt, this invention is applicable similarly to other head structures, such as head structure 
which arranged the pressure room in one dimension. Furthermore, in the above-mentioned example of 
an operation gestah, although sandblasting processing was used for the processing approach (the 
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manufacture approach) of an electrostrictive actuator, other processing methods, such as dicing 
processing and the approach of forming piezoelectric material on a diaphragm by priming, can also be 
used. Moreover, a diaphragm and an electrostrictive actuator can also be cast as integral construction. 
[0213] Moreover, although the ink jet recording apparatus which breathes out coloring ink in the record 
paper and records an alphabetic character, an image, etc. on it was taken for the example in the above- 
mentioned example of an operation gestalt, the ink jet record in this description is limited to neither the 
alphabetic character in the record paper, nor record of an image. That is, the liquid wliich a record 
medium is not necessarily limited to paper, and carries out the regurgitation is not necessarily limited to 
coloring ink, either. For example, the thing for which this invention is used to the general drop fuel 
injection equipment used industrially, such as breathing out coloring ink, producing tlie light filter for a 
display, or breathing out the pewter of a melting condition on a substrate and forming the bxmip for 
component mounting on a high polymer fihn or glass, is also possible. 

[0214] If the flat-surface configuration where it used in this example of an operation gestalt sets to A the 
ratios dl/d2 of the path dl of a circumscribed circle and the path d2 of an inscribed circle which touch a 
flat-surface configuration besides a square oscillating element, an oscillating element of a flat-surface 
configuration which fills 1<=A<=2 can be used. That is, although it is A=root2 (** 1 .4) with a square, it 
is [ at A= 2 and a forward hexagon ] A= 1 in an equilateral triangle m A=2/root3 (** 1 .2) and a perfect 
circle. Since the minimum width of face tends to bend greatly, even if the oscillating element which has 
these flat-surface configurations makes the plane area as small as possible, it can maintain excluded 
volume. Therefore, it becomes possible to low-cost[ small and ]-ize a head. 

[0215] In addition, if the flat-surface configuration of an oscillating element, construction material, and 
thickness are the structures of it not being limited to what was made as an experiment in this example of 
an operation gestalt, and fulfilling the conditions of 2.0x10-20 <= acoustic capacitance cO <=5.5xlO-19 
m5/N, even if they are other combination, they can acquire the effectiveness concerning this invention. 
[0216] As mentioned above, although this invention explained based on the suitable example of an 
operation gestalt, the actuation approach of an ink-jet recording head is not limited only to the 
configuration of the above-mentioned example of an operation gestalt by the ink-jet recording head 
concerning this invention and its manufacture approach, an ink-jet recording apparatus, and the list, and 
the actuation approach of an ink-jet recording head is also included in the range of this invention in them 
at the ink-jet recording head which performed various corrections and modification from the 
configuration of the above-mentioned example of an operation gestalt and its manufacture approach, an 
ink-jet recording apparatus, and a list. 
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* NOTICES * 

JPO cuid NCIPI are not responsible for any 
damages caused by the use of this translation. 

1. This document has been translated by computer. So the translation may not reflect the original 
precisely. 

2. **** shows the word which can not be translated. 
3. In the drawings, any words are not translated. 



DESCRIPTION OF DRAWINGS 



[Brief Description of the Drawings] 

[Drawing 1] It is the sound circuit diagram of the oscillating element used for the ink jet recording head 

of the example of an operation gestalt concerning this invention. 

[Drawing 2] It is drawing showing the equivalence electrical circuit of one ejector. 

[Drawing 3] It is the graph which shows the relation between the excluded volume at the time of 

inputting a step pressure into an acoustic circuit, and a sound parameter, and, as for (a), excluded 

volume, acoustic capacitance, and (c) show the relation between excluded volume and acoustic 

resistance, respectively, as for excluded volume, an inertance, and (b). 

[Drawing 4] It is drawing showing the relation between cO and phi-c 0. 

[Drawing 5] It is another graph which shows the relation between cO and phi-c 0. 

[Drawing 6] It is still more nearly another graph which shows the relation between cO and phi-c 0. 

[Drawing 7] It is drawing showing the effect of the aspect ratio of a pressure room. 

[Drawin g 8] It is drawing for explaining the definition of an aspect ratio. 

[Drawing 9] It is drawing showing the fi-equency response of the equal circuit of drawi ng 2 (a). 

[Drawing 10] It is drawing showing the equivalence electrical circuit of one ejector. 

[Drawing 11] It is drawing for explaining the proper balance of the acoustic capacitance cO of an 

oscillating element, and the acoustic capacitance cl of a pressure room. 

[Drawing 12] It is the perspective view shown where the Inkjet recording head of the example of the 1st 
operation gestalt concerning this invention is developed. 

[Drawing 13] It is the top view shown where a part of configuration of drawin g 12 i s seen through. 
[Drawing 14] It is the graph which shows the relation between the thickness of a diaphragm and an 
electrostrictive actuator, and acoustic capacitance. 

Prawing 15] It is the perspective view showing the manufacture approach of the ink jet recording head 
of the example of the 1st operation gestalt, and (a) - (d) shows each process gradually. 
[Drawing 16] It is the graph which shows the driver voltage wave used in the regurgitation experiment 
of an ink droplet. 

[Drawing 17] It is the perspective view showing the plate configuration of the ink jet recording head of 
the example of the 2nd operation gestalt concerning this invention. 

[Drawing 1 8] It is the sectional view of the ink jet recording head of the example of the 2nd operation 
gestalt. 

[Drawing 19] It is drawing showing the flat-surface configuration of the ink jet recording head of the 
example of the 2nd operation gestalt. 

[Drawing 20] It is drawing showing an example of an actuation wave for large di op regurgitation. 
[Drawing 21] It is drawing showing a meniscus oscillation of the Inkjet recording liead of this 
invention. 

[Drawing 22] It is drawing showing the electrical connection approach of the ink jet recording head of 
this invention. 

[Drawing 23] It is the sectional view showing the electrical connection approach of the ink jet recording 
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head of this invention. 

[Drawing 24] It is drawing showing the conventional electrical connection approach in a matrix-like 
array head. 

[Drawing 25] It is drawing showing the flat-surface configuration of the electrostrictive actuator of the 
ink jet recording head of the example of the 3rd operation gestalt concerning this invention. 
[Drawing 26] It is drawing showing the change of cO by location gap of the electrostrictive actuator of 
the example of the 3rd operation gestalt. 

[Drawing 27] It is drawing showing change of the regurgitation effectiveness by location gap of the 
electrostrictive actuator of the example of the 3rd operation gestalt, and drop volume dispersion. 
[Drawing 28] It is drawing showing the flat-surface configuration of the electrostrictive actuator in the 
Inkjet recording head of the example of the 4th operation gestalt concerning this invention. 
[Drawing 29] It is drawing showing the bridge width of face of the example of the 4th operation gestalt, 
and the relation of regurgitation effectiveness. 

[Drawing 30] It is drawing showing an example of the electrostrictive actuator con figuration which can 
apply the example of the 4th operation gestalt. 

[Drawing 31] It is drawing showing an example of the blasting pattern of the electrostrictive actuator in 
the Inkjet recording head of the example of the 4th operation gestalt. 

[Drawing 32] It is the 2nd mimetic diagram for explaining the behavior of the meniscus at the time of 

using a meniscus control system. 

[Drawing 33] It is drawing showing the natural period of a pressure wave, and tlie relation of the 
minimum drop diameter in which the regurgitation is possible. 

[Drawing 34] It is the sectional view showing the basic structure of the conventional Inkjet recording 
head. 

[Drawing 35] It is drawing showing the basic structure of a multi-nozzle mold iiik jet recording head. 
[Drawing 36] It is drawing showing the basic structure of the Inkjet recording head of a matrix array 
type. 

[Drawing 37] It is drawing showing an example of an actuation wave for globule regurgitation. 
[Drawing 38] It is a mimetic diagram for explaining the behavior of the meniscus at the time of using a 
meniscus control system. 

[Drawing 39] It is drawing showing an example (normal/abnormalities) of the observation of a meniscus 
oscillation. 

[Drawing 40] It is drawing showing the driver voltage wave used in the example of an operation gestalt 
concerning this invention. 

[Drawing 41] It is drawing showing the configuration of the actuation circuit used in the example of an 
operation gestalt concerning this invention. 

[Drawing 42] It is drawing showing the example of 1 operation gestalt of the ink jet recording device 

concerning this invention. 

[Description of Notations] 

13: Nozzle 

14: Pressure room 

16: Electrostrictive actuator 

29: Nozzle plate 

38: Ink pool plate 

38a: Free passage hole 

38b: Ink pool 

39: Ink umbiUcal plate 

39a: Free passage hole 

39b: Ink supply way 

40: Pressure room plate 

41: Diaphragm 

42: Piezoelectric-material plate 
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43: Electrode layer 

44: Adhesion foaming tape 

45: Stationary plate 

46: Film mask 

47: Exposure mask 



[Translation done.] 
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* NOTICES * 
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DRAWINGS 



Drawing 1] 




[Drawing 2] 




(b) 




Tfr 



[Drawing 3] 
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[Drawing 7 ] 
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[Drawing 32] 
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[Drawing 19] 
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[Drawing 22] 
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[Drawing 29] 
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[Drawing 36] 
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[Drawing 37] 
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[Drawing 38] 
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[Drawing 39] 
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[Drawing 42] 
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